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PREFACE 

Recently, there has been a growing interest in the studies 
of chemical reactions in presence of micelle-forming surfactants 
because of possible potential application of these studies in 
understanding certain biological processes# analytical determi- 
nations# stabilization of medicines in aejueous medium# organic 
synthesis# and in stabilization of products of certain photoredo 
reactions used as possible moans of solai energy conversion and 
storage. Numerous and diverse reactions vi-.# hydrolysis# thio- 
lysin# nucleophilic substitutions nnd several other types oC 
reactions have been studied in pr» si nco of mice lie- forming sur- 
factants. Mathematical f ta imil.i tions for the' analysis and inter- 
pretation ol data have also been proposed, v?hich have limitation^ 
of their own. 

These studies were started with the aim o{ understanding 

the micellar effects in gcnernl and the nict^llar effects on the 

reactions of carbonium ions, t^ent-r.jt* 'd f i om tr i phenylnc thane dyes 

* 

with nucit'ophllc* hvtho'd'li ion, in particular, accordingly, this 
thesis deals v;ith the {a) Foiniul itifin of re.iction kinetics in 
presence of micollc— for n^ng urf ictants; (b) E#<perimental studies 
on the reactions of triphcnyl methyl carbonium i ons with hydro- 
xide ions in presence of micelle forming surfactants and (c) 
Analysis of our data and the data available in the literature 
for the effects of counterions on tlie micelle catalysod/inhibite'd 
reactions, using our model. To a good exrent, the present work 
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has contributed towards the understanding the reaction kinetics 
in presence of micelle forming surfactants. It has been pointed 
out that for the reaction rates to be influenced in presence of 
micelle- forming surfactants one or more reactants must possess 
hydroph obi city and the possession of hydroph obi city, in principle, 
should alter the micellar properties of the surfactants. 

Model schemes, based upon the participation of substrate, 
detergent, additive and/or reactant species in the formation of 
catalytic aggregates, have been presented and the method for 
analysis of micellar data for chemical reactions have been deve- 
loped. The experimental studies in the reactions of setoglaucine 

•f* *1# 

(SG ) , brilliant green (BG ) and malachite green (MG ) carbonium 
ions with hydroxyl ion in presence of cationic micelle-forming 
surfactant cetyl trimethylammonium bromide (CTAB) and anionic 
mice lie- forming surfactant sodium dodecyl sulphate (SDS), viz,, 
effects of concentrations of detergent, substrate reactant, counter 
ions and onjanir solvents in micellar environment have been repor- 
ted, Tli< I'unrlyninuf qurintiiies of activation foi the reactions 
have been evaluated <3ind compared with < orm .poruling values in 
aqueous media. Micellar f f f ects an i)rer>c‘nce of SDS have been 
assigned to stabilization of ground state witn respect to tiansi- 
tion state and the nonapproachabil j ty of hydroxyl ion to the 
carbonium ions, in the reaction systems. In presence of CTAB the 
ground state of the reactions gets destabilized with respect to 
the transition state and the approach of the hydroxyl ions to 
carbonium ions in the catalytic aggregates is facilitated resulting 
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in the observed catalysis. The effect of inert counter ions on ci 
reaction is explainable in terms of the replacement of reactant 
ions by them from the vicinity of catalytic micelles and the 
alteration in thermodynamic parameters of the reaction, A gene~ 
ralized background for the understanding of the effect of organic 
solvents on micellar catalysis in view of current theories of the 
effect of solvents on chemical reactivities has been highlighted. 

The analysis of the data has boon extended for the effects 
of counterions on micellar catalysis available in the literature. 
It has been concluded that the efftet ot addition ol counterions 
in the reaction sy Aem does not always r*" suit in the replacement 
of the substrate from the catalytic aggrv gates. The alteration 
in the reactant concentration in the vicinity of aggregates does 
play a significant role for the observed effects. The values of 
exchange factor as postulated in the thesis could be taken as a 
measure of the effectivenc .s of counter ions in altering overall 
micellar influence* This is in the ordert 

Cations. C',”*". 

Anions : F“< Cl“< CH3S0j<:^Br~< OTs" . 
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I.l IMPOPTAHCE OF STUDY 

Surfactants, surface active Qt/cnts or detergents continue 
to be utilized increasingly in various fields such as, corraSion 
inhibition, ore floatation, tejvtilo and paper proccs=ing, lubri- 
cation, detergency, tertiary oil bocovery, i>olworization react- 
ions, phase transfer catalysis, photography and j^rei aration of 
protective emulsions for tne food, cosmetic and Pharmaceutical 

1 *■ 1. s 

products. The information concerning the clrssi f Lention, 

methods of preparation, analyoi'' and purification and sources of 
procurement of various surface active aqrnts has been eytncted 
tind < f 'npli'^d. 

The pros< nee of a mic< lie- ! cti a»-iq a mphi pa th i e r.ubstanc r tn 
most of the reaction systems results in the perturbation ot ther- 
modynamic perimeters of the reaction and the concc^ntratlons of 
reactants got reorganised at the reaction sit'^s witn the result 
that catalysis or inhibition is exhibited. Recently, there has 
been a growing interest in the studies of chemical reactions in 
presence Ot micrile- forming surfactants because of possible poten- 
tial aj'plic ation of these studies in und< r standing certain biolo- 
gical processes, analyitcal determinations, organic synthesis and 
in stabilization of products of certain photoredox reactions 
which are viewed as possible means of solar energy conv'-rsion and 
storage. Isfumerous and diverse reactions viz., hydrolyses, thio- 
lyses, aminolyses, nucleophilic substitution and several other 
types of reactions have been studied in presence of micelle- foil- 
ing surfactants. Mathematical formulations for the analysis and 
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interpretation of kinetic data concerning micellar influence on 
che'micr'l reactions are in the process of development. The exten- 
sive lit'^rature generated, as a result of vvorldwidc interest has 
been the subject of several compr'-'he nsive rr'vi:)ws. * ' 

great many biological processes occur in or involve arnphi- 
pathic environment. These include znzyme - catalysed reactions , 
assembly of multienzyme connlexes, facilitated trnnsi'>ort of ions 
and rioleculi s, cellular adhesion .tnd rrrognition, nc>neration and 
conduction of nervous iiijiul c-,, and sensor/ if c’rption nnfJ t ins- 
duction etc. nnfir'rrt.aid inq of tlv'se nhf^nomcna rit molecular 1» vol 
is of great genernl ini cjrtt ncc for s< c ral reasons. The Ivdif f 
that this unrlers t.niclinq could be Cacillfated, at lea^'t in ptirt,by 
Uir knowJodqe of nacellar influence on chrmical loacLions is nm; 
gaming ground. The r* rbl 'nee bf>tv;eon f r, ymt - and (pro) micelle 
affected reactions has been contomi^iated on ttu basis of the 
observations of saturation kinetics, substrate specificity (in 
some cases), lack of homogeneity in suV'imi crosc opi c surface of 
(ftio) micelles ti'j V7s*ll ar that of tu y.-i . and tne fact that both 

(pre)micelicn and • n i/rru bind the substrate in a noncovaJent 

3 6 3 i 

manner prior to catalytic Rect ntly, N<iqyvery and 

Pendler^^"^ ' have <!t+(in]>t'd to < i Jain prebiottc chemical evolu- 
tion by proi>osing that surfactant t ggreqates or micelles at the 
primitive ocean surface could have provided af^proprr nte compart- 
ments for the selective uptake of amino acids and might have as 
well catalysed the formation of polypeptide and polynucleotides. 

It may be pointed out that micelles, just like most prebiotic 
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models, have shortcomings. 

Though, an increasing number of reports .re boing published 
in tne studies concrrnini; thr effert of '’icollar environnant on 
kinetics of chemical r^'actior'c, only a ft of these are concerned 
v;ith the a’')plication of micellar '■ffocts in the area of nnalyti- 
cal chomistarvi^. Spurlin and hinze h ivc reported that the 

sensitivity, accuracy, rc’-^-^oducibility and the efficiency of 
quantitative determination of cyanide ion could be r nhanrod by 
spf ctrophotornr trie mr thod using 3, ' -di thioui s ('’-nitroin nzoic 
aca d) , corniaonly reffrrfd to as Ellman's rompound, and by p efto- 
fluoiomc’tric method using potassium salt of 1,4-naphth quinone-'^- 
culfonic rioid as rt ag- nts in the-' nncell.ir envlronmt nt of rotyl- 
trimcthylammonium luomido. Vekhande and Mvinshi have o'uortod 
the micro-determination of certain lanthanides and actinide s using 
triphenylmethane dyes as reagents in presence of micelle-forming 
surfactants. 

The utalization of suifactunLs as reaction media affects 
rates, products and in some cases i.tr*reoch mistry of the react- 
ions. Mi'chanlstic v;ork on micellar efff'Cts is typically 

done using reactant: concentrations much hf'low than those rec(ulred 
for normal preparative work. Hov*vor, surfactants are used in 
emulsion polyneri..f.tion, where the micelles control chain initia- 
tion and growth, and in some organic reactions.^' Micellar solu- 
tions in some cases have proved superior to organic solvents as 

50-52 

reaction media to obtain better yields. For example photo- 

chemical crosscd-cyclocddition reaction of acenaphthylene with 
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acrylonitrile in micellar environment wa^ more efff ctivo than in 

benzene to give better yield of thr addition product, '^npecielly 

Li ’ 

by adding 1, 3, S-hejitatricnc as quencher. Reger and ila" ib hav/r^ 
studied the i-^ffect of ’■nicellos on the |Co (CN) c .talysod 
hydrogenation of 2 -»actnylbut--dicnc, 2 , 3 -diincthyli)Utadione and 
trans~l, 3-pentadicne to iiaprove thw yit Id of the producto. The 
finding of Shinkai et thrt nontnzymatic oxidrtion of 

nitroalkano carbaniono by isoalloxazine&f flavin andloguec, in 
remarkably f acili tanod in pn cr'ncc of Cdtionic nic' I"' 3 -ioriung 
surfactants/ hr au.jlicd to oyirjation of nthr r c. ruainouj, 

lcridLn<j to now •■ynthptic proc* durr s. 


Ihoior'^dox reactions in v;hich an alcriron is t» ansftu t ed 

from fi low energy donoi to a high iTf rgy using vI'iLio 

light are curr« ntly receiving widf' attention as possi"i.o moans 

of solar energy conversion and storage and also as simple models 

. IG, 50/ 50 y -hViri 

to simulate photosynthotic electron transport. in uao 

photo redox reaction* 


/ + D h + D*** 


( 1 , 1 ) 


a large fr.iCtion of iticidont light energy may be initially conver- 
ted into chomical energy. The practical applicition of such a sys- 
tem is hampered by the fact that the thermodynamically favourable 
back reaction of redox products occurs rapidly in homogeneous 
solvents. Therefore, the chemical potential available in the radi- 
cal ion pair is degraded thermally. A promising approach 
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to overcome this problem is to emj^iloy c.^argcd surfactant aogre- 
gates such as nice lies or vesicles in aqaeous solution as a reac- 
tion media . P microbe fxrogoncous s'^ 'tom, such as niccllec, 
containing a strongly absc>rbinn onoto-ca tal^ st, offers several 
advantages over honoaeneous solvent systems. Firstl g int it o 
the water insoluble s>'''nsit3 zero ch.- be us^'d. It 13 oossiblr to 
use high concentrations of the s nsiti^er witnout appreciable 
loss in the overall efficiency by rof^ping the solute to micelle 
x.tio fairly low, Socondlv, the lov; loni .-ition thu’shoU in 
micellf^s enables usage of visibl.- light. In the third 1 lece, 
thr rate of ge.ainite lon-recomoin tlon con bo kept low an 'luenic 
micelles. Studie, of t leetron transfer reactions in lue. 11 s 
using tripl^'t C’xcLted states of molecules as donors or a v-ei 1 - 
tors and also ttiose involving hydrated olactrons and solutes 
indicate that with proper ciioice of conditions/ the undesirable 
back reactions could be reduced to some eactent. Ctcmists, espe- 
cially kincticists are iirobably Cascinatt d \/hen catalysis in 
reaction rate is observed but the . ijility of mi ee 3 lor, to inliibit ^ 
reactions is of great prartie il in st ab i li 7,i nrj aqueous , 

solutions of labile solutes lor (vb< ndod storage. 

I 

I 

! 

1,2 CiudICAL REACT CO’S STUDIED T, MI CELLAR S^VIROdMSgT IP 

-vaUdOUS MEDIA ! 

Ilio kinetic studies of chemical reactions in micellar envlrn 

onment have followed two main streams viz., (i) the effect of sub^ 

\ 

trate miccllization and (li) the effect of mice lie- forming surfac-j 

I 

tants on the reaction rates, I 
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It was founl that re-^ctxnn r»tfc.s some txmes cnange v^ry 
shari>ly when hyv^rophobic qroups c-’iiae a suostrate to miccllirp. 
For example, acid hydrol sis of aouoalhyl sulfates as indepen- 
dent of an increase in length of n-’liyl group upto n-crntyl, ]')ut 
longer alK;yl qroups cause the ■^ubstrril. to aicr ilize and ther^ 

IS, then, a sharp increase in reaction rctr . The rite ' nhancom«'nt 
IS readily understandable in terms of the increasa^d cr ''C'^ntrrii ion 
of ionic reactant in the stern layf r of the sunsLr t- mic' lie. 
There are several systems in v/hach s”e strata micella etic^ 
controls the* jherLOchemical course of rcecLions. ' h*- 

nitrous acid df'^min ition of chiral (sriiuary amines qr ncr 11' 
Lnvolves < 'bc'nsavo rartnun -t ion \;lth jMrtial inversion ol thr 
product alcohol, ’foxa'vor, if tii.‘ .likyl eroxa} of tin amine i *• 
suf 1 Lciently hydropholxic, for the suostr \to to mici Hi , thr 
nroduct has a i/artiailv re cam* d cor figuration, because the luice- 
llization causes the mteinnediate c irnocation or ion pai r, to 
suffer predominatly front side attack by wat' r .noleculos of the 
solv« nt. The star' orhemir il cour- ** nr c nctior. is aJ&c^ very 


sensitive* to added 


n * it* 




whorr’ anions clusters surround 


the micellizi’d > Jkyl i.iuntinium Ion rii thereby affect the xttack 
oi Water. 


Earlier studies of chemical le cellar effects were done on 
acid-base equilibria. The protonation of an indicator base was 
affected by micello-forming surfsetunts, and these observations 
led to the formation of a sign rule which explained the effects 
in terms of the electrostatic interactions between ionic micelles 
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and the ionic species in the acid-basc equilibria. Thao sinplo 

electrostatic theory has since been applied to reaction rates 

and equilibria and considerable f^tforts hr.ve been devoted to 

explore Its limitations. This led to th , discovery of the siqni- 

ir-25 87~B8 

ficancc of hydrophobic intr racuions in micellar eCfocts. ' 


1.2.1 ilicollar effects of Hydrolyscs/ Solvolysr s and / minoly -.'.‘S 
Ar j d catnlysod hydrolyses o^ orthoest'^'f's and acotal / 
di'» , ocnoral and specific acid catalysed and O' neral and 

sporiiic bv'ise cataly d hydrolyses md solve] /srs rcactiei'c of 
< iibo v'lie esters, sulf rite s, phosphri tes, f ho j li nsiti s, f^chilf's 
bases and Certain oUu i >ub itu tit' ‘s have bf cn .tuda'-d *>t'nsi/ely 
in prc'sencM o£ 'lurello-formi nq sm f art.m ts. 


Thf mochanisns of ortho-f sterr. hydrulysoj hive been sumrna- 

27 p9-.9^ 

ri 2 od and discussed by several authors." ' The q« neral 

acid catalvsed hydrolysis of orthocsters involves t roton transfer 
from the acid to tin esti'r o vpr)! -itom follo\/od ay the rate d^tf r- 
inlninq eie,»viqc of earboi -e/y r t'ond niultinq in the foi j.v’tion 
ofan tilkoxy camonlum ion Lnteimedi.if r rihich r.ipidly 'I r oi,i| o e 
to products* 


51 — j 4. ( or ) 2 

R' 


R , tf. 

9^" \ S 

n 0-— C— (OR) 

I 

R’ 


( 1 . 3 ) 


! 


OR 


H„0 


^ + R — OH + R’ — Cb + ■ > R — OH t R'-COOH ...(1.2) 




OR 


The moat probable mechanism of rate determining step involves a 
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transition state such as (I.l) in \;nich t^roton tr-^nsfer either 

proc^rjclc or is concerted v;ith cov lent ^jond brcrkinq. The f f feet 

of a num}->er of cationic# anionic and non i onir mice Llr -fonru ng 

surf ’ctants on the acid hyo rolys*::? ^ of Vr nous ortho*. sters na^. 

93-101 

been investigated. Those studies show that th , micellar 

catalysis exnicits a considerable sibstrite ij eciCicity # the, 

rite of hydrolyses of methyl orthooenzoate and substituted methyl 

ortnobensroates arc accelerated >)y iidyamum rate factors r i ging 

from 80 to 115 whoreas the correspondinq viiur , for ethyl ortho- 

propano. Le and ethyl orfhopentanoa te c,rc ?,3 and 4.6 re spec t ively, 

whicn arf' relatively very inaLl and the hydrolysis of r thvi ni tho- 

tormato is not- c-,)talysc*d by sofjinm dod* n 1 sulf.iLe. I’n >,Lnic- 

turc' unci the charge Lvpe of tht' surftic’ianL aJso influ* noc’* t-h** 

extent of overall micellar catalysis. Gtuciios of Dunloi i nd 
96 

Cordes show that catalyses of th'-'se reactions in miceJlar 
environment is enthalpy controlled. The studies concerning the 
effect of substituent u<'i,i m the substrate have also been 
reported. 


> nnmi r of t* and r”Vt< wi, dtal with the spfcific mecha- 
nisms involved in pH dop, nefent carboxylic ester hydrolyses and 
solvolys.ee. Base catalysed hydrolysis of c.irbox lie 

esters proceeds by blmolecular attack of hydro ido ion on the 
carbinol group forming a tc'trahedral intermediate following by 
elimination with acyl oxygen fission; 


0 

11 

R— C — OR' + 




R-— C* 




-OR* 


0 

ll 

R — C — OH + HOR' 

... (1.3) 
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The effect of micellar environment on rate anrl the activation 

parameters of the reaction of a numlier of carboxylic esters 

hydrolysis has been scrutinized. The inJ lur-nce of i ncreasiiv/ 

substrate ilro] hobicity, surfactant chain Icnqth and the et ct 

of chemically inert counter ions o' tfic .acellar critalisis na^ 

10? , IIQ 

also been studied. ' ' 

Stcreospecificity in micf lloi catalysis h is been exanined 

on the hydrolysis of optically active and racciuc nr nd -lie acid 

110 

esters (I.”) in presence of optically octivc fu^f-^ct nts (r,3), 

o 

!l 

— CH — O — 0 — C-h 
oni^ 

( 1 , 2 ) 

Cn j 

j ^ 

C,H, — CH — CH — U (CH-)-.R — Dr" 

6 D I j 2 

OH 

(1.3) 

For (E.3a) , R =CH 3 (CH 2 )d 
find For (r,3b), R=ni^(CH^)^^ . 

The order o! catalytic i I fb i‘ ncy of D(“) surf ictant (1. Ja) fc)r 
the hydrolysis of (1.2) wns D(-)N L(+) DL. rheoc ronults wexr^ 
rationalized by asmiminq that more molecuics of (1.2) tnan one 
are solubilized by micelle and th,it two enantiomers perturb the 
micelle in different fashion. It is expected that investiga- 
tions of the properties of optically active micelle forming sur- 
factants would prompt additional searches into stereospecific 
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micellar catalysis . 

In recent years considerable interest has been stimulated 
in mecnanisms of hydrolysis of sulfate and itnoophate esters pri- 
marily as a conseauence of their importance in biochemical systems. 
Since sulfuric and phosphoric acids are di- and tribasiC/ success- 
ive suDstitution of acidic hydrogen atoms by allcyl or aryl groups 
can result in the formation of mono-, di-, or triestcrs. The 
incompletely substituted sulfuric and phosphoric scid esters can 
exist in various extents of protonation depending uj^on th*' jll of 
the solution and thus several probable mechanisms have been postu- 
lated for ( ^ch typt of esters depending upon the sul !C,titU(-nts and 
the riCi'Uty of thf medium. The el fori s of various 

})r!rainf’ters vi/., eoncentrations ol surrset.int, subotr 'te, ennnter 
ions, t'mptraturo and pH liavo bf'on studied by ri numiser of workers 
on these reactions. * Cordes has argued th^t mictillar 

catalysis of phosphate ester hydrolysis is derived from medium 
effects as opposed to entropic on Pho'-ohate ester monoanions 
hydrolyse vi i unamolocular elimination ot v motapaosphate ion: 


R- 


0 

'• 4< 'l 

.Q™J) Q 

i' I 


H—O 

V?' 


R-^-O"* *’ 1 + FO ^ 


. ( 1 . 4 ) 


Although phosphntt' monoarionr are roadj ly incorporated into mice- 
llar phase of cationic surfactants# this docs not r salt in an 

123 

appreciable alteration in hydrolysis rate, Theltaj phosphate 

ester dianions in which the leaving group contains strong electron 
attracting groups also hydrolyse via unimolecular elimination of 



1 ? 


« 

metaphosphate. In this case, however/ cationic micelle-forming 

123 132 

surfactants are good catalysts for hydrolysis. ' For 

example, the rate of hydrolysis of 2, S-dini Lrophenylphosphatc 
dianion is approximately 25 times i.iore rapid in presence of an 
optimal concentration of hexadecyltrimothylanmonium bromide than 
in water. The loss of the me-caphosT^hate amor from a phosphotc 
ester di anion involves a dispersal of t\;o negative charges. Conse- 
quently, one nay argue that thi- catalytic driving force invol'i'-os 
destabilization of tnc sunstr-’te relative to the transition statu 
by the relatively nonpolar micellar environment. This conclusion 
is consistent with the £<. ct that the rate of hydrolv'^is of phos- 
phate ch-ter chanioils i‘ wSignificant-] y incroa'.<d v/ith <i drrrease 
in solvent polaiity in Lhr ib'.enc' of mire] lu-fi>trnin<j j.urfactnnts. 
The basic hydrolysis of ptiosplionritrs is analogous to that oJ a 
phospliatc triester. 

The interest in the mocham ''mo of S^hiff base liydrolysis 
emanates largely from the frict that tho formation and decomposi- 
tion of Schiff base link<iqcs play in important role in a vavriety 
of en y latic rr act ions ''.g./- o iiho.'vl transfers involving pyil- 
doxal phoop]iato, aldoi cf'-ndensati one, — docarboyylations arvi 
transaminations. The muchsniomo ol form ition and hydrolyoJo of 
biologically imf ortc nt Setafi bases md Lminc intermediates hav€’ 
been discussed by Bruice and Benkovic'^'^ and by JcncLo*'' The 
mechanisms for the hydrolysis of m- and p-substituted benzylidine, 
1, l-dimethylethyla!Tanes in the entire pH range have been discuss- 
^^140 terms of Equations (1,5) to (1.8): 



13 


— R + H'*' 


H 

V ' + 

J^C=:N-fl+ H^O 


H 

^c-n'^-r + 0H“ 


H 

1 i 

-C N — R + OH 

OH 



T 




T- 



H 

1 + 

C=^N ~R 
H 

I f + 

-C N R + H 

t 

OH 

H 

I I 

_C— — N — R 
I 

OH 

')C-0 + R — NH 2 


... (1.5) 

... ( 1 . 6 ) 

... (1.7) 

... ( 1 . 8 ) 


Micellar effects on hydrolysis reaction of Schiff bases in 
presence of ionic as well as nonionic micelle-forming surfactants 
have been investigated and the results v;ere qualitatively inter- 
preted on the basis of the distribution of reagents and the per- 
turbation of thermodynamic parameters of the reaction. 


The reaction of several amines with 2, 4-dinitrophenylsul- 

fate in presence of cetyltrimethylammonium bromide, sodium dodecyl 

sulfate, Igepal and other micelle-forming surfactants is also 
130 

reported . 


1, 2,2 Micellar Effects on Aliphatic and Aromatic Nxacleophilic 
Substitution 


Nucleophilic substiiaation reactions have been extensively 

, 106,145 

investigated and mechanisms have been discussed in several books. 


The rate determining step of substitution reactions at aliphatic 
carbon atoms can be either unirrwalecular or bimolecular. Nucleo- 
philic aromatic substitution on the other hand, most frequently 
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involve the formation of an intermediate or its decomposition can 
be rate determining. Both aliphatic and aromatic substitution 
often involve the formation or the destruction of charged species, 
and the changes in the magnitude and the distribution of the 
charges between the initial state and the transition state have 
been correlated with medium effects. Consequently, the numerous 
charge changes, theoretically possible for nucleophilic substitu- 
tion could serve as fertile ground for studying the effects of 
micelle-forming surfactants on the rate of these reactions. 

A large number of nucleophilic siibstitution reactions have 
been studied in micellar environment and from the available data 
it appears that micellar effects are observed wlien one of the 
reactants is charged. However, it is conceivable that 

micellar effects on nucleophilic reactions between nexitral organic 
molecules can be found for reactions in which the distribution of 
reactants between the micellar and bulk phases and the reactivi- 
ties therein differs considerably. 

Micellar effects on the reaction of carbocations with 
nucleophiles have also been investigated and the data have been 
interpreted in terms of the disposition of the reagents at the 

reaction sites and the modification in the activation parameters 

165—167 

of the reactions. In one of the earliest studies Duynstee 

168 

and Girunwald found that rate and equilibrium constants for tlie 
addition of hydroxyl ion to stable triphenylmethyl-carbonium ions, 
such as crystal violet, are subject to alteration by micelle- 
forming surfactants. The conclusions have been confirrod and 
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amplified further in several subsequent investigations by 

169 I 70 171^172 

Albrizzio et al. Bunton et and by Patel and Katiyar, 


1.2.3 Micellar Effects on Other Chemical Reactions 


Micellar effects on several other reactions viz. Cannizaro 

173 . 174 

reaction , base-catalysed hydrolysis of ©C -unsaturated ketones, 

1. *7 4 , ITS 

synthesis and hydrolysis of benzylidene aniline, * acid cata- 

1 7 6 > 

lysed iodination of acetone, base catalysed H-D exchange reac- 

177 178 

tions of alkyl dimethyl sulfonium halides, * hydrolysis of 


2-t-butyl-3-phenyloxazirane and N-t-butylbenzaldoxime, 


179 


decar- 


180-lB? 

boxylation of substituted carboxylate ions racemization of 

of biphenyl, nitrous acid deamination, electrophilic 


157 


187 


coupling reactions, thiol-thiamine disulfide exchange reaction 

188-191 


cupric 
192-194 

hemin equilibria. 


reaction of hydroxyl ion with tetranitromethane 

. 184 

ion incorporation into porphyrin esters, 

195 

conversion of ammonium cyanate to urea, ‘ mercury (II) induced 

196 s +2 197-198 

aquation of Co(NH^)c;Cl , radical and excited state reactions. 


‘ 3 ' 5 ' 

Hoffmann elimination reaction 


199 


etc. have also been studied 


1,3 MATHEMATICAL FORMULATIONS FOR QUANTITATIVE ANALYSIS AMD 
INTERPRETATION OF KINETIC DATA 

In the earlier phase of studies the investigators devoted 

their efforts to the accumulation of kinetic data for numerous 

16-25 

chemical reactions in presence of micelle-forming surfactants. 
However, it has been tempting to provide an explicit quantitative 
explanation to account for the principle features of micelle 
effected reactions. 
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200 

Heitmann on the basis of empirical calculations of con- 
centration effects on the reaction rate in presence of micelle- 
forming surfactants was able to predict qualitatively, that 
(i) the presence of micelle-forming surfactant causes an increase 
in the reaction rate if the reactants are enriched in one phase, 
namely micellar or the bulk phase. In the latter case the effect 
is expected to be small, (ii) If one reactant is enriched in one 
phase and the concentration of other reactant in this phase is 
lower than its average value in tv/o phases, the reaction is 
retarded in presence of mice lie- forming surfactants, (iii) If 
the concentration of one reactant differs in tv/o phases while of 
other reactant are equal over the whole system, then no altera- 
tion in the reaction rate would be observed upon the introduction 
of micelle-forming surfactants in the reaction system. 

These calculations were further extended and elaborated by 
154 175 

Berezin et al. ' to compare the effectiveness of micellar 
catalysis in first, second and third order reactions. The salient 
features of these calculations for micellar effects were that: 

(1) a rigid structure was considered for micelles, (2) the modi- 
fication in concentrations of the reactants as a result of the 
presence of micelles in the reaction system was taken into account, 
(3) the effect of micelles on reaction rate due to perturbation 
of activation parameters of the reactions was argued to* be super- 
fluous, (4) the effects of additives i.e., counter ions etc, could 
not be treated on the basis of these calculations. 



17 


Employing certain simplifying assumptions Menger and 
78 

portnoy were able to explain, semiquantitatively, the sigmoi- 
dal increase in the rate constant with increasing surfactant 
concentration. Such behaviour is seen for unimolecular and for 
a few pseudo first reactions in presence of micelle-forming sur- 
factants. On the other hand, the reactions which are second 
order or higher order, usually exhibit optimal rate at some sur- 
factant concentration above which rate decreases v/ith increasing 

1?3 

surfactant concentration. Bunton ^ _al. ' have extended this 

model to explain the effects of inhibitors which had found only 

limited applicability. Another model assuming rigid structure 

of micelle and the distribution of reactants in two phases was 

201 

put forward by Srirahama. This model could not be applied to 
explain the relative differences in various counter ions in 

altering the over all efficiency of micellar effects on chemical 

202 20 3 

reactions. Punasaki '' has treated micellar effects by 
determining the reactant concentration in the stern layer of 

micelles on the basis of equilibrium constant of certain dyes 

204 

in presence of micelle-fonning surfactants. Romsted has 
attempted to explain the rate surfactant concentration profile 
by assuming exchange between reactive and nonreactive counter 
ions at micellar surface and the constancy of the degree of 
counter ion dissociation of the micelles. 

The constancy of degree of ionization has recently been 
suspected. Further/ it is authors view that the degree of 
counter ion dissociation of catalytic aggregates in presence of 
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different electrolytes might be different# and this diffi^rence 
in charge neutralisation of the catalytic aggregates by counter 
ions might play a significant role in determining the overall 
efficiency of micellar catalysis in presence of different counter 
ions. It is important to mention here that all the models des- 
cribed earlier assume that the alterations in the aggregational 
properties of the surfactant and consequently the micellar pro- 
perties are insignificant. However, the phenomena viz., rnicelli- 

, , 76 - 84,167 

zation of hydrophobic substrates by themselves, coiaice 

llization of organic substances^"^ with surfactants e.g., tosylate 

x: 4 206 

ion, interactions of oppositely charged dyes with surfactants 
and the observation of catalysis well below critical micelle 
concentrations^^' clearly establish that the perturbation 
i, caused by the substrates in altering micellar properties of the 
detergent in presence of various species viz., reactant, electro- 
iytes/buffers and the solvents, are definitely important. These 
findings suggest that hydrophobic substrate might comicellize 
with the surfactant molecules to produce catalytically functional 
aggregates. The participation of counter ions, reactant and 
other additives in the formation of such aggregates might also 
bvs important. 

Available data on reaction kinetics in presence of micelle- 
forming surfactants show that for the reaction rate to be aff 
ed in the micellar environment one of the qualifying criteria rs 
th^t one or more reactant must possess hydrophobicity and the 
fulfilment of such criterion should result in the alteration in 
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the micellar properties of the detergent. Piszkiewicz has 
recently proposed another model in which the effect of counter 
ions on micellar effects has been overlooked. 

1.4 OBJECTIVES OF IHE PRESENT STUDY 

The investigations presented in this thesis v/ere started 
with the aim of understanding the micellar effects on chemical 
reactions in general, and micellar effects on the reaction of 
carboniiam ions, generated from triphenylrnethane dyes, with nucleo- 
phile hydroxyl ion, in particular. 

The effect of micelle- forming surfactants viz., cetyltri- 
methylammonium bromide (CTAD) and sodium dodecyl sulfate (SDS) on 
the reaction of setoglaucine (SG"*") , brilliant green (BG"^) and 

4. 

malachite green (MG ) carhonium ions with hydroxyl ion v;as inves- 
tigated. The influence of various parameters viz,, concentra- 
tions of detergent, reactant, substrate, organic solvents and 
counter ions and the effect of temperature on these reactions, 
to evaluate and compare activation parameters of the reactions 
in micellar environment to that of a<gueaus media, was investig.-.ted. 

?07 

Model schemes ■■ have been proposed which take into account 
the participation of substrate, counter ions anc3/or reactant 
alongwith the detergent species in the formation of catalytic 
aggregates. The experimental data obtained by us and the data 
available in the literature have been analyzed on the basis of 
these schemes. These interpretations have led to the following 
conclusions! 
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(1) Substrate, counter ions and/or reactant do play a 
significant role in determining the nature and composition of the 
catalytic aggregates formed in micellar environment. 

(2) The degree of ionisation of catalytic micelles formed 
by the participation different substrates in presence of diffe- 
rent reactant, counter ions and othar species in the reaction 
system may not be the same. 

(3) The effect of inert counter ions may be treated quanti- 
tatively in terms of the displacement of the reactive counter ions 
by them from the vicinity of catalytic aggregates. 

(4) Reorganization of reactants as well as the alteration 
in activation parameters of the reaction are the factors respon- 
sible for observed micellar effects on chemical reactions. Other 
characteristic features of micellar effects are described# in 
other chapters of the thesis. 

The studies concerning the effect of organic solvents on 

the reaction rate in itdcellar environment have been scanty, k 

generalized background for the understanding of the effect of 

organic solvents on the kinetics of chemical reactions in presence 

208 

of micelle-forrning surfactants in the light of current thinking 
of solvent effects on chemical reactivities i*e.# selective solva- 
tion of reactants and the motion of solvent molecules along the 
reaction coordinates# has been presented. Various factors which 
possibly determine the overall effect of organic solvents on the 
influence of micelle-forming surfactants on the reaction of 
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triphenylmethyl carbonium ions with hydroxyl ion have been attem- 
pted to be distinguished. 

1 , 5 FUTURE SCOPE OE’ THE PRESENT WORK 

Fomulation of model schemes and subsequent analysis of the 
micellar data for reaction kinetics of several reactions provides 
the average nxambers of substrate, detergent and counter ions etc, 
which associate to form catalytically functional micelles. The 
actual overall picture concerning the composition of these aggre- 
gates still remains to be searched out. Recently, numerical 
methods for the characterization of micellar solutions based on 
Poission-Boltzman equations have appeared. The observed mice- 

llar properties of these aggregates could, be analyzed on the basis 
of these methods to obtain overall charge and consequently the 
overall picture of micellar aggregates in presence of the con- 
cerned substrate, detergent, counter ions and/or the reactant. 

, 210 , 

Model calculations proposed by Stenius et based upon the 

211 

work carried out by Ruckenstein and Nagarajan, Israelachvili 
et and Tenford, following the evaluation of partition 

functions for various interactions in micellar environment might 
be applied to a comicelles of substrate and detergent v/hich 
might provide an insight into the observed micellar effects on 
chemical reactions in terms of the micro structure of the reaction 
systems. 
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11. 1 ABSTRACT 

The presence of micelle- forming surfactants introduces 
microheterogeneity in the reaction system. Consequently, the 
concentrations of the species, present in the reaction system, get 
reorganized at the reaction sites and the themodynamic parameters 
of the reaction are perturbed, which is manifested in the form of 
observed micellar effects viz., catalysis or inhibition of chemi- 
cal reactions. It is proposed that the kinetic data for micellar 
effects for the reaction between a hydrophobic substrate and a 
hydrophilic reactant could, in general, be described by either of 
two model schemes based upon the postulation that in the reaction 
system charged or neutral species viz., detergent, substrate, 
additive i.e., counter ion etc, and/or reactant associate to form 
catalytically functional micelles. The first scheme is applica- 
ble to cases where mutual competition between reactant and addi- 
tive for sites in or on the catalytic micelles is absent, whereas 
the second scheme can be applied to reactions where reactant and 
additive species do compete for sites in or on the complexed aggre- 
gates. Equations dealing with the formulation of these schemes 
have been derived and methods for the analysis of micellar data 
have been developed. 

11. 2 INTRODUCTIO N 

Ihe present formulation of reaction kinetics in presence of 
mice lie- forming surfactant is based upon the proposition that in 
the reaction system the detergent, substrate, additive i.e., 
counter ion etc. and/or the reactant species aggregate to form 
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catalytically functional loose complex which may be called cata- 
lytic micelle. The process of aggregation has the effect on the 
organization of the reacting species at the reaction sites and 
on the thermodynamic parameters of the reaction which are per- 
turbed in micellar environment. Consequently, the chemical reac- 
tion is either catalysed or inhibited. ^ The concentration of 
any of the species in complexed phase is assumed to be in dynamic 
equilibrium with its concentration in aqueous bulk phase. The 
postulation is supported by the observation of micellar catalysis 

well below critical micelle concentration of the surfactants by 

3 4 5-0 in 

Patel and Katiyar, ' Bunton et al. , ' Bruice ^ i|l* ' Albrizzio 

11 12 

et al . and by Reeves, Other observations supporting such a pro- 
position are pointed out in Chapter I. 

II. 3 MODEL SCHEMES 

Consider a reaction system containing charged or neutral 
species viz., detergent (d) hydrophobic substrate (S) , hydrophilic 
reactant (I) and additive (A) . Let the following terms represent 
the probable interactions; 

Hjpg ; denotes hydrophobic interaction between substrate 
and detergent. 

E.^„ : denotes electrostatic interaction between substrate 
DS 

and detergent. 

EH : denotes hydrophobic or electrostatic interaction 
between detergent and additive, 

: denotes electrostatic interaction between detergent 
and reactant. 

+ ; represents presence of favourable interactions. 
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- ; represents presence of unfavourable interactions. 

0 : represents absence of any type of interactions. 

How, assuming the interactions and to be favoura- 

ble, and examining the nature and v/eightage of other interactions. 
Table II. 1 may be constructed to reflect the nature of the aggre- 
gates present in the reaction system. 


The aggregates corresponding to Si. No. 2, 4 and 6 in Table 
II. 1 may not be of any consequence to micellar catalysis where 

14 

substrate does not appear in the complex. This is exemplified' 
by the effect of the detergent sodium dodecyl sulfate on the acid 
hydrolysis of methyl ortho-benzoate and methyl ortho- formate. The 
former reaction is catalysed by the presence of SDS in the reac- 
tion system whereas the latter reaction is unaffected under identi 
cal reaction conditions. The absence of micellar effects has 
been assigned to the inability of methyl ortho-formate to get 
incorporated into the complexed micellar phase due to lack of 
hydrophobic ity in this molecule. The micellar data may, therefore 
be explained by assuming the formation of either of the two types 
of aggregates, one containing detergent, substrate and additive 
and other involving the participation of detergent, substrate, 
additive as well as reactant species in its formation. 

Following two schemes may be proposed for the analysis and 
interpretation of kinetic data in presence of micelle forming 


surfactants : 
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Table II. 1 . The probable nature of catalytic aggregates present 
in a reaction system containing a hydrophobic subs- 
trate, a hydrophilic reactant and an additive, i.e., 
counter ion. 


SI. 

No. 

^DS 

^DS 

h)S ^ ==DS 

DI 


Possible species 
present in the 
aggregates formed 

1. 

+ 

- 

»DS>^DS 

- 

4 

D, 

s. 

A 

2. 

4* 

- 

^ ^DS 

- 

4 

D, 

/: 


3. 

4* 


«DS>®DS 

4 

4 

D, 

A, 

S, I 

4" « 

4* 

- 

H <rs 
Ds^ros 

4 

4 

D, 

f 

I 

5. 

4 


”ds> ^ds 

0 

4 

D, 

s. 

A 

6. 

4 

- 


0 

4 

D, 

A 


7, 

4 

4 

»DS1 ^DS 

- 

4 

D, 

s. 

A 

8. 

4 

4 

^DS^^DS 

+ 

4 

D, 

s. 

A,X 

9. 

4 

4 

DS > “"DS 

0 

4 

D, 

s. 

A 

10. 

+ 

0 


- 

4 

D, 

s. 

A 

11. 

4 

0 


+ 

4 

D, 

s. 

A, I 

12. 

4 

0 


0 

4 

D, 

s. 

A 
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Scheme II. 1 


nD + S + pA ® 


k 


w 


p 


k_ 


m 


Products 4- 


. .. (II. 1) 


Scheme II. 1 is applicable to cases v/here additive does not compete 
with the reactant for site in or on the catalytic micelles. 


Scheme II. 2 


K. 


b2 


nD + S + pA + ql S *1 


k 


v; 


q 


m 


. .. (II. 2a) 


Products 4 


A + I 
m 


w 



A + I 
w m 


. .. (II. 2b) 


Scheme II. 2 could be applisd for the analysis of micellar data 
for the kinetics of reactions where additive does compete for the 
sites in or the catalytically functional micellar aggregates, in 
this process of competition the reactant concentration in the 
vicinity of catalytic micelles decreases continuously with the 
increasing additive concentration and vice-versa. The, concentra- 
tion of additive and reactant in two phases is assumed to be 
related through the process of exchange. The value of pseudo 
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first order rate constant in complexed phase xvill thus be depen- 
dent upon the concentrations of reactant as well as that of addi- 
tive in the reaction system. 

In these schemes and are pseudo first order rate cons- 
tants for the reaction of free and complexed substrate respec- 
tively. and K ^2 equilibrium binding constants for Scheme 

II. 1 and Scheme 11,2 respectively. K is the exchange constant 
governing the competition between additive and the reactant for 
sites in or on catalytic micelles. In the actual reaction system 
multiple/ seciuential/ ec|uilibrium steps are involved in which 
detergent, substrate , additive and/or reactant aggregate to form 
catalytic micelles. They are presented here as a single associa- 
tion step for the sake of mathematical convenience. 

II. 3 DERIVATION OF EQUATIONS 

It is apparent that the presence of micelle- forming surfac- 
tant has the effect of introducing microheterogeneity in the reac- 
tion system. Consequently, various species present in the solu- 
tion get distributed into free and complexed fractions. The 
observed reaction rate in such a microheterogeneous system may 
be given by the sum of rates in aqueous bulk phase and complexed 
phase. Thus, 

Observed reaction reaction rate in Reaction rate in 

rate aq. bulk phase complexed phase ...(2.1) 




( 2 . 2 ) 
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where k,,) is observed pseudo first order rate constant, C_ is 
T S 

substrate concentration and the subscripts t, m and w refer to 
total, complexed and free species respectively. Absence of subs- 
cripts, later, corresponds to species remaining uncornplexed. 


It is assumed that there is continuous exchange of species 
in free and complexed phase and thus in the steady state, cataly- 
tic micelles and other species in reaction system remain in dyna- 
mic equilibrium with one another. The values of equilibrium cons 
tants, or 1 C ^2 governed by intrinsic nature of the species 

present in the reaction system. If these loose complexed aggre- 
gates are assumed to be distributed throughout the volume of the 
reaction system, then one may write. 


k 


V 


F k -f 
jlft w 


m m 


... (2.3) 


where and P^^ represent unbound and complexed fractions of the 
substrate. 


II. 3.1 S cheme II. 1 

The overall binding constant for the reaction Scheme 
II. 1, by the application of law of mass action maybe written as 
follows: 


•Si = 


(cp" (Os)(cpP 


(2.4) 


The Scheme II, 1 may be supposed to involve following two steps: 
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nD + S — D„* S 

— ji 


w 


S + PA S -Ap 


OH 


k. 


•ml 


\i/ 


OH 


m 


Products f- 


OH 


In the first step the detergent and the substrate associate to 
form D^* S which interacts with the counter ions present in the 
reaction system to form the aggregates of the type D^* 
and k^ represent the pseudo first order rate constants for the 
reaction of D^* S and S with hydroxyl ion to form product 
carbinol, and are equilibri^im binding constants for the 
two sequential steps represented in the Scheme iS. 1. 

The binding constants and 
expressed as. 


in Scheme II. 1 may be 


^1 


aggl 

(c^) 


F 


m 


■ w 


<=d’ 


n 


( 2 . 5 ) 


or 


^1 




(c J (c^)^ 

^ aggl ' A 


( 2 . 6 ) 


where C . and correspond to molar concentrations of D_* S 

aggl . , agg^ n 

andj Equations l2.3) and (2,5) maybe solved to give 


A 
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log 








log n log 


.. (2,7) 


Similarly Equations (2.3) and (2.6) may be solved to give 


tmm 

k^fr-k— = ® S. 

'r m 


... ( 2 . 8 ) 


The overall binding constant is given by the product of equi- 
librium constants and corresponding to Scheme II. i: 

...(2.9) 


11.3*2 Scheme 11,2 


The binding constant, the reaction Scheme 11,2 

may be written as. 


^2 




(Cj^)” (Cg) ic^)^ (c^.)^ 


(2.10) 


■S2 <=A>‘' <=!>' 


or 


F = 
m 




P 


ii:S 


A 


( 2 . 11 ) 


where denotes molar concentration of aggregates D^*S*Ap'='Iq. 

’ Elimination of F„ and F,, from Equations (2.3) and (2.11) gives 

{ , . m w 




Ab2 f^I^ 


( 2 . 12 ) 


ky-k^ 


or log * log Kj ^2 ^ n log Cj^+p log + q log Cj 

^ ■ ... (2.13) 
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When other parameters affecting the reaction rate are held cons- 
tant. Equation (2.13) may be utilized to give the value of n, a 
nximber analogous to coopera tivity index corresponding to detergent 
concentration on the reaction rate. Equation (2.12) may be 
rearranged to give, 


^ 

''' ^ 1 +Kj^2 (Cj)® <C,)P (Cj.)P 

... (2.14) 

Application of law of mass action to Scheme II, 2b gives 


or 


K, 


I m 


(Ci)w- 


= K. 


w 


■^w 


(C ) 

A m 


(2.15) 


,, (2.16) 


But from Equation (2.10) one may deduce. 




S' t m 


'S' t 


S>2 

l+'<b2 'S’" 


(2.17) 


therefore, 


(Cc,)^.*P- 


(CpP (Cj)P 

TTT 


I'm -e^-S't ^ i+Kbz (Cor (Ca)P (Ci)^ 


(2.18) 


The pseudo first order rate constant# can now be written from 
: bimolecular rate constant k* # an intrinsic micellar parameter f 
and concentration of reactant in or on the catalytic micelles as 


under; 


4 - 4 


k = f.k’ . (C^)^ 
m I m 


.. (2.19) 


The intrinsic micellar parameter 'f* denotes the factor by 
which bimolecular rate constant k' is changed in micellar eanviro- 
nment due to proximity effects and changes in the other theriao- 
dynamic parameters of the reaction caused by various interact- 
ions in presence of micelle-forming surfactant in the reaction 


system. 


Combination of Eiguations (2.14), (2.18) and (2.19) leads 


(03)^ 


^2 ^*^0^ (c^)^ 

i+Kj^2 ! 




.. ( 2 . 20 ) 


Equation (2.17) is a general expression which is capable of 
explaining the effects of the concentrations of detergent, reac- 
tant and other additives. Under the conditions when reactions 
follow pseudo first order kinetics the effect of substrate con- 
centration on the rate constant may not be determined due to 
experimental as well as theoretical constraints for the observa- 
tion of such effect- 


II. 4 METHOD FOR ANALYSIS OP MICELLAR DATA 


II. 4.1 Reactioni 


II. 1 


The plot of log rr- — tt" according to Equation 

m ^ 

( 2 . 7 ) gives straight line with n and log as the value of 
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slope and intercept respectively. In this study the effect of 
counter ion, the concentration of which in the reaction system 
is low, has been assumed to be insignificant compared to the 
effect of detergent. Further the studies of counterion effects 
and subsequent analysis of the data according to Equation (2.S) , 
i.e., plot of log tt- — r — vs log , gives the values of p and 
log From the value of log and log the value of 

overall equilibrium constant may be determined according to 
Equation (2.9). 


The values of n, p and may be interpreted to give an 
insight into the processes responsible for the micellar cataly- 
sis inhibition in the reaction system. The flow chart for the 
analysis of micellar data on the basis of method described here 
is shown in Fig. II. 1. 


II. 4. 2 Reactions Conforming to Scheme II. 2 

The analysis of the effect of counter ions on micellar !, 

catalysis according to Equation (2.20) may be done by the appli- > 

1 O f 

cation of suitably modified numerical method of least square 
curve fitting described below: : 


Under the condition when the substrate is ittuch saturated ; 
with the detergent (P^ — ^ 1) in the reaction system, Equation (2.20 
may be transformed into following form: 


k 

k“ 




w 


a.p. 


b(cpP 


. ( 2 . 21 ) 



Fig. ll.l Flow chart for the analysis of kinetic data for 
micellar effects on chemical reactions conforming 
to scheme II. 1. 
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where a =K^(Cg)^ and b =Kj^2 ... (2-22) 

Rearrangement of terms in Equation (2.22) gives. 



(C^)P =a. (p. (C^)P“^) +g 


... (2.23) 


According to Equation (2.23) the plot of derived variables 
(k,^j / k^) . (C^ ) ^ vs p. (C^)^”^ should give straight line with 'a’ 

' 3-/b ' as slope and intercept respectively, provided the 

correct value of p is used. The correct valtie of p is found out 

by the application of the method of successive trial. For a set 

of values of p the values of 'a' and ' 1/b ' are calculated accord- 

ing to Etjuation (2.23) applying least square error method. The 
set of values of a_ and 1/b , corresponding to the values of slope 
and intercept respectively, for different values of p are now 
used to generate the plot of ys (C^) according to Equation 
(2.21). Theoretically generated plots were compared with 

those obtained experimentally. The value of p corresponding to 
theoretically calculated curve, which bears highest correlation 
with and has the smallest root mean square deviation from that 
of experimental curve, was taken to be the correct value of p. 

The values of 'a‘ and 'b' for this value of p were recorded. T’no 

value of 'a' was utilized for the calculation of f.K value, 

© 

according to Eqpiation (2.22), for the counterion under investi- 
gation. 

Analysis of the effect of concentration of detergent accord- 
ing to Equation (2.13) gives the value of slope and intercept 
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equal to n and respectively. 

where = log P ^ *** ^2. 24) 


The substitution of the values of p determined earlier and the 
value of q which could be reasonably assumed by examining the 
effect of ion which is nonreactive analogue of the reactant. For 
example, fluoride may be taken as the nonreactive analog of hydro-* 
xyl ion for some reaction systems (see analysis data) in Equation 
(2.24) gives the value of equilibrium binding constant ^^2 
the association of detergent, substrate, reactant and the counter I 
ion originally attached to the detergent. Further the value of 
Kb 2 # so determined, and the relative values of b in presence of ! 
other ions, calculated according to Equation (2.23) may be uti- ; 
lized to calculate the values of binding constant, Kj ^2 pre- 
sence of different added ions. These values of n, p and K ^2 
be used to interpret the observed micellar effects on the chemi- 
cal reactions under investigation. The flow chart for the analy- 
sis of micellar data following this method is shown in Fig, II. 2, 


II. 5 DISCUSSION 

The model schemes formulated in this chapter have certain 
Characteristic features which make, it describabie that micellar 
data for reaction kinetics in presence of micelles be analyzed 
and interpreted on the basis of equations derived above. The 
application of these equations for the analysis of micellar data 
does not require the predetermined value of critical micelle 


Fig. n.2 Flow chart for the analysis of micellar data for 
the reactions conforming to scheme H. 2. 

Scheme E, 2 (Prc^. 13 ^ . 

(START) 



. A YES S print 

>)<(RMS)rmp» T ^ ^ p ^ 5 ^ r^S 


END 


STOP 





(Prog. II) 


SCHEME n.2 (contd.) 





A 







52 


concentration (cmc) of the surfactant. It has been pointed out 

that one of the necessary conditions for the reaction rates to 

be influenced by the presence of micelle-foming surfactants is 

that one or more reactants must possess hydrophobicity. The 

possession of hydrophobicity by reactants in principle should 

alter the aggregation properties of the detergent. ' ' Thus the 

concept of critical micelle concentration under these circums~ 

tances looses its meaning. In other words the concept that only 

rigid micelles ' having a fixed number of detergent molecules, 

affect the reaction rate^ seems inapplicable to all the systems. 

In this formulation less probable assumptions, such as (i) distri- : 

bution of one substrate molecule per micelle; (ii) insignificant 

effect of substrate, electrolytes etc. on the micellar proper- ^ 

ties of the detergent and (iii) the incorporation of single i 

counter ion may deactivate completely the micelle, have not been 
5 21 

made. ' These model schemes describe a more realistic picture 

i 

of the processes occurring in the reaction system in that it is i 
considered that the substrate, detergent and counter ion and/or 
participate in the formation of catalytic aggregates. However, 
it may be pointed out that n, p and q only represent the average 
numbers in which detergent, additive and reactant associate with 

!! 

one substrate molecule. The catalytic micelle may contain many j 

I 

more than one molecule each of substrate, detergent, additive 

and reactant species. The present treatment, of course, simplr- j; 

' t 

f ies into one or two steps the multiple steps which must be invol- | 

ved in the formation of D„*A *S or D„*A„*S*r , The validity of | 

n p n p q ^ 
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* 2 ? 

this siiTiplification is supported by the findings of Muller, that 
micellisation of several detergents in nonaqueous solvents may be 
fit equally well by a single equilibrium model or a more complex 
model involving multiple steps in aggregate formation. 

On the basis of these model schemes one may attempt to view 
the micellar reactions as models of enzymatic reactions which 
show positive or negative coope nativity, V'Jhen applied to reac- 
tions in presence of micelle- forming surfactants these schemes 
allow for the evaluation of empirical parameters which may be 
used to explain the micellar effects. Thus this allows us to draw 
an analogy between micellar and enzymatic reactions on a simple 
mathematical basis. Hov;ever, it may be pointed out that coopera- 
tivity index in micellar catalysis indicates the average number 
of concerned species viz., the detergent, additive or the reac- 
tant entities which on an average associate with one substrate 
molecule in the process of formation of catalytic aggregates 
whereas in enzymatic reactions positive coopera tivity implies 
the stimulation of the interaction of the additional substrate 
molecule by interaction of first molecule v;ith the enzyme. Posi- 
tive coopera tivity is indicated, by a value of enzymatic index 
of coopera tivity, n, being greater than 1.0. In contrast, nega- 
tive coopera tivity implies the inhibition of interaction of addi- 
tional molecules of the substrate by interaction of the first 
molecule with the enzyme. Negative cooperativity is indicated 
by the value of n being less than unity. In case of micellar 
catalysis such a distinction could not be made. For example the 
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detergent irrespective of the value of which is generally 

greater than 1, would catalyse or inhibit the reaction whereas 

the counter ionS/ irrespective of the value of p, which could 

be greater than, equal to or less than 1,0, would generally 

decrease the efficiency of micellar catalysis, except in a few 

24 

exceptional cases. In these model schemes it has been assumed 

that the overall rate of reaction is sum of the rates in compjlex- 

ed phase and aqueous bulk phase. The changes in the rate with 

increasing surfactant concentration or added salts reflect changes 

in the distribution of reacting species in tv.'o phases. In the 

derivation of ecaiations based upon the presented model schemes 

it was considered that the unbound substrate reacts v;ith reactant 

in the aqueous bulk phase wl^ereas the complexes substrate reacts 

with the reactant in micellar phase. However, it may be made 

clear that the existence of other paths for the product forma- 

25 

tion may not be ruled out viz., complexed substrate reacting 
with the reactant from aqueous bulk phase and vice-versa. These 
additional paths may also ctjntribute to overall micellar effects 
and consecjuently to the effect of additives on micellar catalysis. 
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CHAPTER III 


MICELLAR EFFECT ON THE REACTION OP 
TRIPHENYLMETHYL CARBOMIUM IONS WITH 
HYDROXYL ION; RATE VS CONCENTRATION 
PROFILES FOR DETERGENTS, SUBSTRATES 
AMD REACTANT HYDROXYL ION. 
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111,1 ABSTRACT 

The presence of anionic micelle-forming surfactant sodium 
dodecyl sulfate (SDS) inhibits whereas cationic micelle-forming 
surfactant cetyl trimethyl ammonium bromide (CTAB) catalyses the 
reaction of triphenylmethyl carbonium ions viz., setoglaucine 

-j- -j- . 

(SG ) , brilliant green (BG ) and malachite green (MG ) v;ith 
nucleophile hydroxy'l ion. The plots of pseudo first order rate 
constant v_s detergent (CTAB or SDS) concentration for these 
reactions are sigmoid shaped. Variation of substrate concentra- 
tion did not effect the alkaline fading reaction of these carbo- 
nium ions in presence of either SDS or CTAE^ showing thereby that 
the reactions are first order under experimental conditions- The 
effect of variation of hydroxyl ion concentration on these react- 
ions in presence of SDS and CTAB was studied at concentration of 
the surfactants which corresponded to saturation concentration 
in the rate ve detergent concentration profiles. 

It is suggested that the rate vs reactant concentration 
profile for reactions in presence of micelle forming surfactants, 
could be better understood by introducing the concept of an over- 
all inhibition factor and an overall catalysis factor. The plot 
of overall inhibition factor vs hydroxyl ion concentration for 
these reactions in presence of SDS gives rise to a maxima in each 
case suggesting the existence of optimal hydroxyl ion concentra- 
tion at which maximum inhibition would be obtained. At higher 
hydroxyl ion concentration the plots of overall inhibition factor 
ys hydroxyl ion concentration tend to overlap one another. At 
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optimal hydroxyl ion concentration the values of overal inhibit- 
ion factor in these alkaline fading reactions are in decreasing 
sequence for the substrates vis., SG’^'^ 3Cn'' ^ . VThen overall 

catalysis factor for these reactions in presence of CTAB is plot- 
ted as a function of hydroxyl ion concentration it was found that 
catalysis factor (CF) decreases in the beginning, then rises 
steeply and finally tends to attain a saturation value. Thus, 
for these reactions, in presence of CTAB, optimal reactant con- 
centration may be defined as the hydroxyl ion concentration at 
which sufficient catalysis in the reaction rate is obtained and 
a further increase in the reactant concentration has only little 
effect on the value of overall catalysis factor. The values of 
overall catalysis factor at optimal hydroxyl ion concentrations 

-I* oil. ''Sk '‘*1** 

vajry in the order of SG / BG > MG . These results indicate that 
the substrates may be arranged in the decreasing order of their 
hydrophobicity as SC|>BG^MG. 

Micellar inhibition of these reactions in presence of SDS 
has been assigned to stabilisation of ground state with respect 
to transition state and the non-approachability of hydroxyl ion 
to the carbonium ions viz,, SG”^, BG^ and MG”^, in the reaction 
systems. Catalytic effects in presence of CTAB may be attributed 
to the destabilization of transition state with respect to tran- 
sition state and increased availability of reactant hydroxyl ion 
to the carbonium ions. 
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III. 2 INTRODUCTION 

Carboniura ions are known to be involved in several organic 
and enzymatic reactions. In view of the optimism that the knov/- 
ledge of micellar catalysis may be used in organic synthesis and 
to explain certain biological processes, including enzyme-cata- 
lysed reactions, the understanding of mechanism and catalysis of 
carbonium ion reactions in presence of micelle- forming surfact- 

1-5 

ants is of importantance in organic chemistry and biochemistry. 

When dissolved in water triphe^nylmethane dyes form stable 
carbonium ion systems in the solution. In a variety of studies 
these carbonium ions have been shown to react with various nucleo- 
philes at methyl carbon atom to form covalent derivatives. The 

reactions are, generally, kinetically straight forward and are 

6-17 

pseudo first order in nature. These dyes form ideal systems 

for the studies of micellar effects on the reactions of carbonixm 

• ^1- T , . n 18,19 
ions with nucleophiles. 

The basic triphenylme thane dyes have numerous industrial, 
physico-chemical, biological and medicinal uses. Recently various 
dyes of this series have been used as analytical reagents for 
qualitative as well as quantitative purposes. It has been estab- 
lished, recently, that the efficiency of analytical determinations 

2q_2A 

using these dyes could be enhanced in micellar environment. ' 

To a large extent the analytical determinations using triphenyl- 
methane dyes are dependent upon the pH of the solution. Therefore, 
the studies of reaction of carbonium ions generated from triphen- 
ylmethane dyes, with nucleophiles particularity with hydroxyl ion 
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activation in presence of micelle forming surfactants were not 
reported. The effect of concentration of ionic detergents vis., 

cetyltrime thylarnmonium bromide and sodium dodecyl sulfate on this 

30 

reaction has been reported by Patel and Katiyar. 

The present investigations were undertaken to study the 
alkaline fading reaction of triphenylmethyl carboniura ion, gene- 
rated from various triphenylmethane dyes vis., setoglaucine (Cl 
basic blue 1) , brilliant green (CT basic green 1) and malachite 
green (Cl fast green 1) in presence of ionic micelle- forming sur- 
factants viz., sodium dodecyl sulfate (SDS) and cetyltrimethyl- 
arrmonium bromide (CTAB) . 

In this chapter the effects of concentrations of detergents, 
SDS and CTAB? substrates, setoglaucine (SG ), brilliant 'green 
(BG ) and malachite green (MG ) carbonium ions; and the reactant, 
0 h“^ on micellar catalysis have been described. The nature and 
mechanism of micellar effects on these reactions are discussed 
qualitatively. The values of overall inhibition factor in pre- 
sence of SDS and the values of overall catalysis factor in 
presence of CTAB for these reactions have been evaluated as a 
function of hydroxyl ion concentration over a wide range of reac- 
tant concentration. 

III. 3 EXPERIMENTAL SECTION 
III. 3.1 Reagents 

Setoglaucine (rare and fine chemical) was supplied by K and 
K Laboratories, Inc., U.S.A., Malachite green (AnalaR) was 
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procured from B.D.H, England and brilliant green was obtained 
from E. Merck/ Germany. 

N-Cetyl-N/ N, N-trimethylammonium bromide (CTAB) and sodium 
dodecyl sulfate (SDS) were E. Merck's guaranteed reagents. 

Sodium hydroxide, oxalic acid and other salts used in this 
study were B.D.H. analytical grade reagents. 

All these chemicals were used v/ithout any further purifica- 
tion. 

III. 3. 2 Apparatus and Method 

The kinetic studies were done using Beckman DU spectrophoto- 
meter, The working principle and operation of this instrument is 
described in its instruction manual. The change in dye cation 
concentration with time was followed by recording the change in 
the absorbance of the dye solution with respect to time at the 
wavelength of maximum absorbance in the reaction medium. The 
temperature of the cell compartment containing reaction mixture 
was maintained at 25 +0.1'’C by circulating water in the thermo- 
spacer set of the spectrophotometer from an external thermostat 
maintained at desired temperature. The thermostat supplied by 
Kay Orr Bross, Calcutta, India had a temperature range of 10-100°C. 
The temperature was controlled by a high precision electronic 
relay. The room temperature was maintained in the range of + 5“C 
of the temperature of the thermostat. Before the start of react- 
ion all the solutions were brought to desired temperature by 
keeping them for more than an hour in the thermostat. Using this 
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arrangement, the temperature of the solutions under investigation 
was kept constant within + 0-l°C of the desired value. 

The pH measurements were made on an Elico pH meter model 
LT-10 using SDH standard buffers. 


III. 4 DETERMINATION OF RATE CONSTANT 

For a bimolecular reaction betv/een triphenyl carbonium ion, 

Hh ■ 

R , and nucleophile hydroxyl ion the rate of carbinol, ROH, foirma^ 
tion and of disappearance of reactants is given as. 


dCR+ 

dt 


dC 


OH 


dC 


ROH 


dt 


dt 


= k' (Cq^-) . CCj^+) 


... (3.1) 


where k' is bimolecular rate constant expressed in lit. mole* 


sec 


If the concentration of hydroxyl ion in the reaction system 
is in much excess to that of carbonium ion concentration, then 

may be regarded as constant and the reaction is first order 
with respect to carbonium ion, characterised by pseudo first order 
rate constant k, which is given by, 

2.303 (Zi log Cp+) . 

k = XT: — sec*" ... (3.2) 

At 

The real bimolecular rate constant k* may be expressed as 


k' = lit, mole' 


see 


-1 


. .. (3.3) 


Generally, the reaction between triphenylmethyl carbonium ions 



65 


and nucleophiles could be followed at lov; concentration of the 
substrates because of very high value of extinction coefficients 
of the dyes. This makes it possible to approach ideal reaction 
condition needed for pseudo first order kinetics in actual prac- 
tice i.e., and under this condition the alkaline fading 

reaction of triphenylmethyl carbonium ions goes to completion. 
Further, to avoid any complications due to backward reaction, 
arising because of the reversible nature of alkaline fading reac- 
tion of triphenylme thane dyes in general, the kinetic data may be 
recorded in the first few minutes of the reaction. In the present 
studies concerning the reaction of SG , BG and MG carbonium 
ions with hydroxyl ion the interference due to backward reaction 
was insignificant. 

In Equation (3.2) the interference due to the backward 
reaction was neglected and no consideration was given for the 
interaction of dye cation with carbinol or with water molecules. 

It has been observed that these effects at the experimental con- 
centrations of carbocation and hydroxyl ion are insignificant and 

10 31 

could be neglected, Sinha and Katiyar have derived a similar 
equation for the alkaline fading of dye cation; 

k = k^ + k2 [oH^ ... (3.4) 

The expression (3.4) was derived by considering all equilibrium 
steps and then simplifying it on the basis of experimental condi- 


tions 
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III. 5 RESULTS 
II I. 5.1 Sp ectra 

The basic triphenylme thane dyes exhibit an i tense band in 
visible range of the range of spectrum. The absorption spectra 
of substrates viz., SG, BG and MG v/ere recorded in absence of 
surfactants, in presence of 0.02 M CTAB and 0.01 M SDS solutions 
in aqueous media. The absorption maxima for SG, BG and MG corres- 
pond to 635 nm (t = 7.0 xio"^), 620 nm (€=4.78 xlO*^) and 627.5 nm 
(t=6,2 xlO ) respectively. These maxima were red shifted to 
640 nm (€ = 8. 4 x lo'^) , 625 nm (€=5.39 xlO^) and 635 nm (€: = 

6, 3 X 10^) respectively in presence of 0.02 M CTAB solution and 
to 640 nm (€. = 9.0 x lo'^) , 630 nm (€ = 7.8 x 10^') and 637.5 nm 
|€“7,2 X 10 ') respectively in presence of 0.01 M SDS solution. 

The shift in the absorption maxima of the dyes in micellar 
environment is indicative of binding of substrate with the mice- 
lle-forming surf actant. 

Nonapplicability of Beer's law to the triphenylmethane dyes 

15 

has been reported in the literature. The applicability of 
Beer's law was examined for each of the dyes in absence as well 
as in presence of detergent solutions viz., 0.01 M SDS and 

0.02 M CTAB. It was found that dyes obey Beer's law at lower 

-5 

concentrations, i.e., upto 2x10 M, The reactions of these 
dyes with hydroxyl ion were, therefore, studied at concentration 
of the substrate either lower than or in the vicinity of . 

2.0 X lO"^ M. 
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III. 5. 2 THE ALKALINE APING REACTION OF TRIPHENYLMETHYL 

CARBONIUM IONS IN PRESENCE OF SODIUM DODECYL SULFATE 

111.5,2.1 Effect of SDS Concentration on Reaction Rate 

The effect of concentration of SDS, an anionic micelle- 
forming surfactant, on the reaction rate was studied at fixed 
concentrations of the substrate, reactant and the counter ion 
attached to detergent. The counter ion concentration vras main- 
tained constant by adding necessary amount of it in the reaction 
system from a stock solution. 

4. 

a. Reaction of SG carbonium ion with hydroxyl ion ; The fading 
reaction of SG carbonium ion with hydroxyl ion at low hydroxyl 
ion concentration, at which measurable reaction rate in absence 
of SDS is observed, is inhibited almost completely when SDS is 
added in the reaction system. This makes it difficult to study 
the effect of SDS in a wider range of concentration of the deter- 
gent, particularly at higher surfactant concentrations. Also, 
if the concentration of hydroxyl ion in the reaction system is 
increased (^0.1 M) the reaction becomes fast and thus the deter- 
mination of rate constant in the absence of surfactant becomes 
difficult. The reaction was, therefore, studied at two different 
concentrations of hydroxyl ion viz., at 0.1 M and at 0.5 M. At 
these concentrations of reactant, measurable rates were observed 
in presence of SDS over a wider range of SDS concentration. The 
results are sirnmarised in Table III.l. The values of pseudo 
first order rate constant in absence of SDS at 0,1 M and 0.5 M 
hydroxyl ion concentrations were obtained by extrapolation of the 
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Table III. 1 . Variation of pseudo first order rate constant, , 
for the reaction of 3G"'' carbonium ion v.dth hydroxyl 
ion as a function of SDS concentration at 25 °C 


. 9 

First Order Rate Constant k xlC^ min 


Si • 

No . 

f SDs] 

fsc'^J 

Cph"j 

= 1.2 X 10~^ M 
= 0.1 M 

[.sot] = 1.6 X lO"- M 
{pH"]] = 0.5 M 

1. 

0.00000 


32,61 

171.00 

2. 

0.00002 


32.61 


3. 

0.00004 


31*66 


4. 

0.00006 


31.66 


5. 

■ O.OOOOB 


31,75 


6. 

0.00010 


29.84 


7. 

0,00016 


27.41 


8. 

0.00020 


25.61 

29.00 

9 • 

0.00024 


21.10 


10. 

. 0.00030 


14.10 

16.243 

11. 

0.0003G 


9.023 


12. 

0.00040 


5.701 

5.820 

13. 

0.00048 


3.786 



0.00054 


3.825 


15. 

0.00070 


1.267 


16. 

0.00080 


0.9285 

4.477 

17. 

0.0010 


0.532 

4.524 

18. 

0.0015 


0.357 


19. 

0.0020 


0.346 

3.914 

20. 

0.0030 


0.321 


21. 

0.0040 



3.972 

22. 

0.0050 


0.321 , 


23. 

0.0060 



3.972 

24. 

0.0070 



3.972 

25. 

0.0080 


0.318 

3,914 

26. 

0,0090 



3.972 

27. 

0,010 


0.321 

3.972 
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linear plot of rate constant vs hydroxyl ion concentration in 
aqueous media. Figure III.l exhibits the detergent SDS, concen- 
tration vs rate profile for this reaction. 

+ 

b* Reaction of BG carbonium ion v/ith hydroxyl ion : The effect 
of SDS concentration on the reaction of BG"** carbonium ion wan 
studied by keeping concentrations of substrate (1.0 x 10”^ M) , 
hydroxyl ion (0*01 M) and the counter ion i.e., Na'*’ (0.02 M) cons- 
tant. The values of pseudo first order rate constant, k^^ , as a 
function of varying SDS concentration are recorded in Table III. 2 

c. Reaction of MG carbonium ion with hydroxyl ion ; The effect 
of SDS concentration on the reaction of MG"^ carbonium ion with 

4 “ 

hydroxyl ion was studied at fixed concentrations of MG 

-5 

(1.1 X 10 M) , hydroxyl ion (0.005 M) and counter ion sodium 
(0.015 M) and varying concentration of SDS in the reaction system 
The values of pseudo first order rate constant for this reaction 
as a function of varying SDS concentration are summarised in 
Table III, 2. 

d. General features of rate vs surfactant profile; It may be 
noted from Tables III.l and III. 2 and Pig. III.l that for the 

4. 

reaction of triphenylmethyl carbonium ions viz., SG , BG and 
MG**" with hydroxyl ion in presence of SDS the inhibition is not 
only exhibited but also attains saturation well below the criti- 
cal micelle concentration^ (CMC) of pure SDS in aqueous medium 
which is 0.008 M. This phenomenon indicates the existence of 
catalytically functional (pre) micellar aggregates in the reaction 
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Table III. 2 . Variation of pseudo first order rate constant, 

for the reaction of BG’^ and MG”^' carbonium ion with 
hydroxyl ion as a function of SDS concentration 
at 25®C. 


c 1 

r 


First Order Rate 

Constant xlO^ 

^ Ju :* 

No. 

[SDSj 

Lbg^J 

[ohI 

= 1.0 X 10~^ M 
= 0.01 M 

£_MG''3 =1.1 X 10“^ M 
[OH 3 = 0.005 M 

1. 

0. 

00000 


37.56 

56.27 

2. 

0. 

00001 


37.56 

55.27 

3. 

0. 

00003 


37.56 

55.27 

4. 

0. 

00004 


32.70 


5 . 

0. 

00006 


25.97 

55.27 

6. 

0. 

00008 


25.37 

52.10 

7. 

0. 

00012 


18.57 

49.51 

8. 

0. 

00016 


14.93 


9. 

0. 

00020 


12.15 


10, 

0. 

00024 


11.71 


11. 

0, 

00036 


7.99 

43.20 

12, 

0. 

0004 


5.93 


13. 

0. 

0005 


5,60 


14. 

0. 

00052 



40.59 

15. 

0. 

00056 



38.30 

16. 

0. 

00060 


5.247 

36.56 

17. 

0. 

00064 



32,81 

IS. 

0. 

00070 


4.204 


19. 

0. 

00072 



28.21 

20. 

0, 

00080 


3.16 

23.32 

21. 

0. 

00088 



22.17 

22. 

0, 

00090 


2.58 


23. 

0. 

0010 


2.23 

18.99 

24. 

0. 

0014 



12.42 

25. 

0. 

002 


1.94 

3.858 

26. 

0. 

003 



1.407 

27. 

0. 

005 


0.661 

0,852 

28. 

0. 

010 


0.660 

0.852 
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system. Further, the values of factor of overall inhibition in 
presence of 0.1 M and in 0.5 M hydroxyl ion for the alkaline fad- 
ing reaction of SG’’" carbonium ion are 101.6 and 45.7. This 
demonstrates that the factor of inhibition in presence of SDS for 
this type of reactions changes v/ith the alteration of hydroxyl 
ion concentration in the reaction system. 


111.5.2,2 Effect of Substrate Concentration of Reaction Rate 

The dependence of the pseudo first order rate constant on 
the substrate concentration v/as studied by keeping the concentra- 
tions of SDS and hydroxyl ion constant and varying the concentra- 
tion of the substrate i.e., carbonium ion in the reeiction system. 
The alkali concentration was taken in large excess v;ith respect to 
dye concentration to avoid the influence of backward reaction. The 
kinetic data for rate vs substrate concentration profile for these 
reactions in presence of SDS are shown in Fig. III. 2. 


,+ 


4- 


a. Reaction of SG carbonium ion ; The effect of SG concentre' 


tion of the reaction rate was studied by varying SG concentra- 

tion from 6 x 10*" M to 1,2 x 10~ M at fixed concentrations of 

SDS (0,01 M) and hydroxyl ion (0.1 M) , The values of first order 

rate constant, ki,, , are summarised in Table III. 3, 

T 


b. Reaction of BG*^ carbonium ion : The effect of substrate con- 

centration on the reaction of BG carbonium ion with hydroxyl was 
examined at fixed concentrations of SDS (0.01 M) and hydroxyl ion 
(0.10 M) in the range of BG concentration varying from 8. 0 x 10 M 


• • 
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Table III. 3, 


Variation of pseudo first order rate constant, kj^ , 
for the reaction of triphenylmethyl carboniurn ions 
v/ith hydroxyl ion as a function of substrate concen- 
tration in presence of SDS at 25'’C. 


Si. No. 


Substrate Concentration 
(in mole/litre) 


First Order Rate Constant, 
10^ min~^ 

X 


I- Reaction of SG carboniurn ion with hydroxyl ion: 


[SD^ =0.01 M; 

0.6 X 10"^ 
0.8 X 10“^ 

1.0 X 10"^ 
1.2 X 10~^ 


[oH-] = 


0.10 M 


3.18 

3.21 

3.18 

3.21 


II, Reaction of BG carboniurn ion wii 


r6rox\ 


[SD^ 


0.01 M 
-5 




0.8 X 10 


1.0 X 10 


1.2 X 10 


1.4 X 10 


0.10 M 


49.05 

49.11 

49.02 

49.05 


+ 

III. Reaction of MG carboniurn ion with hydroxyl ion ; 


JSDS^ -0.01 M; 0. 


05 M 


1. 

0,6 

X 

-5 

10 

34.20 

2. 

0.8 

X 

lO"^ 

34.25 

3. 

1.0 

X 

10“^ 

34.20 

4 • 

• 1.2 

X 

10~^ 

34.20 
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to 1.4 X 10 M. The values of pseudo first order rate constant 
as a function of dye concentration are recorded in Table III. 3. 

Reacti o n of MG carbonium i on: Sirailar studies vjere done in 

case of the reaction of Hg"^ carbonium ion v/ith hydroxyl ion at. 

constant concentrations of SDS (0.01 M) and hydroxyl ion (0.05 M) 

■ ^ + -5 

in tne concentration range of MG varying from 0.5 x 10 ' M to 

-5 

1.2 X 10 ,M. The kinetic data are summarised in Table III. 3. 

d . General features of rate vs substrate concent ratlo n profile: 

It may be noted from the data summa.rised in Table III. 3 and Fig. 
Ill, 2 that the value of pse;udo first order rate constant, , 
in micellar environment of SDS is independent of initial subs- 
trate concentration in the reaction system. This indicates that 
the reactions of triphenylmethyl carbonium ions v/ith hydroxyl ion 
under investigation are bimolecular but first order in nature 
under the condition of excess of alkali in the reaction systems. 

111.5,2,3 Effect of Nucleophile Concentration on Reaction Rate 
The effect of reactant concentration on the pseudo first 
order rate cvinstant v/as studied in presence of constant concen- 
trations of SDS, substrate and by vary^ing the hydroxyl ion con- 
centration in the reaction system. 

a. Reaction between SG carbonium ion and hydroxyl io n: The 

effect of variation of hydroxyl ion concentration on the reaction 
rate was studied in presence of fixed concentrations of SDS (0.01 M) 

4 - -6 

and SG (0.8 X 10 M) by varying hydroxyl ion concentration in 
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the reaction system. The values of psoudo first order rate cons- 
tant for the effect of variation of reactant concentration in the 
range of 0,10 M to 0.50 M are summariEed in Table III. 4, 

b. Reaction between BG* carbonium ion and hydroxyl ion; The 
effect of hydroxyl ion concentration on the pseudo first order 
rate constant v;as examined at fixed concentrations of detergent 
(0.01 M) and the substrate (1.0 x 10 H) by varying reactant 
concentration in the range of 0,01 M to 0.30 M. The kinetic data 
for this reaction are summariEed in Table III. 4 and also shown in 
Pig. III. 3, 

.ij.. 

c. Reaction between MG carbonium ion and hydroxyl ion : The 
effect of reactant concentration of pseudo first order rate cons- 
tant for the reaction of MG"^ carbonium ion with hydr-oxyl ion v/as 
studied by keeping the concentrations of SDS (0.01 M) and MG 
(1,1 X 10 M) fixed and varying hydroxyl ion concentration from 
0,005 M to 0,20 M in the reaction system. The values of first 
order rate constant are shown in Table III. 4 and Pig. III. 3. 

d. Gener al features of rate vs reactant concentration profil e : 

It may be noted from Table III. 4 and Fig, III. 3 that on the SDS 
inhibited reaction of SG , BG and MG carbonium ions with hydro- 
xyl ion, the increase in the hydroxyl ion concentration in react- 
ion system has the effect of increasing the value of pseudo first 
order rate constant. The trend in variation of rate constant 

vs hydroxyl ion concentrations can be understood by considering 
the factor of overall inhibition for the reaction at given by 



0 8 16 24 32 


[0H“] xIO^ 

^Ig. 11.3 Rate vs hydroxyl ion concentration profile for the alkalines 
fading reaction of MG* (A) and BG*{o) carbonium ions in 
presence of SOS at 25° C. 
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Table III. 4 . The values of pseudo first order rate constant, ky , 
in presence of 0.01 M SDS as a function of hydroxyl 
ion concentration for the alkaline fading reaction 
of triphenylmethyl carbonium ions at 25 "C 


Si. 

No. 

[oh"Jx10^ 

Rate 

2 -1 

Constant k^^ x 10 min 


[sg’‘'J=0.8x10~^M 

[bg'*] = 1 . 0 X 1 0 " ^MG"' 

3 =l.lxl0“^M 

1. 

1,0 


0.66 

1.01 

2. 

5.0 


2.23 

3.43 

3. 

7.5 


3.42 

5.37 

4. 

10.0 

0.321 

4.91 

8.65 

5. 

15.0 


10.58 

16.22 

6, 

20.0 

1.073 

17.46 

24.83 

7, 

25.0 




8, 

30.0 

2. Ill 

25.52 


9 • 

40. 

3 . 186 



10. 

50.0 

4.52 




Table III. 5 . The variation of overall inhibition factor as a 

function of hydroxyl ion concentration in presence 
of 0.01 M SDS at 25®C. 


SI. No. 

[oH^ X 10^ 

Overall Inhibition Factor for 
the /nlkaline Fading Reaction of 

SG"^ ion 

BG"^ ion 

MG'^ ion 

1. 

1.00 


56.42 

64.81 

2. 

5.00 


88.79 

80.56 

3. 

7.50 


87.11 

77.16 

4. 

10.00 

101.56 

80.65 

33.89 

5. 

15.00 


55.97 , 

51.11 

6, 

20.00 

60.78 

43.24 

45.50 

7. 

25.00 


40.83 


8. 

30.00 

46.34 



9. 

40.00 

40.94 



10. 

50.00 

40.76 
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hydroxyl ion concentration ^which may be expressed as. 


Inhibition Factor, I.F. 



= constant 


( 3 . 5 ) 


where is reaction rate constant at some hydroxyl ion con- 
centration in the reaction system and ky is the value of observed 
pseudo first order rate constant at same hydroxyl ion concentra- 
tion in presence of SDS. 


It may be noted from Table III . 5 that at very low hydroxyl 
ion concentration the factor of inhibition is very small for the 

J« 

reaction of MG and BG carbonium ion reactions. This factor for 
the reaction of SG"^ ion could not be evaluated due to very slow 
nature of the reaction at such low hydroxyl ion concentrations. 

At increased hydroxyl ion concentration the factor of inhibition 
has higher value but this decreases as a function of further 
increase in hydroxyl ion concentration. Thus, only in a narrow 
concentration range of hydroxyl ion, the variation of rate cons- 
tant ys reactant concentration may be regarded as linear as exhi- 
bited in the the Fig* 111.4. The value of inhibition factor in 


lower hydroxyl ion concentration range increases steeply with 
increasing [oH^ , attains a maxima and then starts decreasing 


afterwards. Figure III . 4 shows that there is an ojjtimal hydroxyl 
ion concentration at which maximum inhibition in the reaction of 


triphenylmethyl carbonium ion with hydroxyl is obtained. This 
observation of micellar catalytic effect is similar to the behavi- 
our of enzymes in as much as the activity of enzymes is known to 




[OH“]x0.10 


III .4 Variation of overall inhibition factor as a function of 
hydroxyl ion concentration in presence of SDS for the 
alkalins fading reaction of SG'^(o), and MG (o) 

carbonium ions at 25° C. 
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2 7 

foe highest at some optimal pH and substrate concentration. 

III. 5. 3 THE ALKALINE FADING REACTION OF TRIPHENYL C A RBONIUM 
IONS IN PRESENCE OF CSTTLTRIMETHYLAM'^OHIUM BROMIDE 

III. 5. 3.1 Effect of CTAB Concentration on Reaction Rate 

The effect of variation of CTAB concentration, a cationic 

micelle-forroing surfactant, on reaction rate of carbonium ions 
* , "4" "f* 

VIZ., SG , BG and MG with hydroxyl ion v/as investigated at 
fixed concentrations of substrate, reactant (i.e., hydroxyl ion) 
and the counter ion (bromide ion) . The counter ion concentration 
was maintained constant by adding necessary amount of potassium 
bromide in the reaction system from a stock solution. 

a. Reaction of SG carbonium ion with hydroxyl ion : The effect 

- 1 - 

of CTAB on the alkaline fading reaction of SG carbonium ion was 

—5 

studied at fixed concentrations of substrate (1.5 x 10 M), react- 

ant (0.01 M) and the counter ion i.e., bromide (0,02 m) . The 
values of pseudo first order rate constant as a function of vary- 
ing CTAB concentration are summarised in Table III. 6. The effect 
of CTAB on the reaction rate is exhibited in Fig. III. 5. It may 
be observed that the reaction rate remains invariant in the 
initial stage and then increases steeply reaching a final satura- 
tion value with increasing CTAB concentration in the reaction 
system. 

b. Reaction of BG'*“ carbonium ion with hydroxyl ion : The effect 
of detergent concentration on the pseudo first, order rate const- 
ant for the reaction of BG'*’ carbonium ion with hydroxyl ion was 
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3:,§j2,l.§ — Variation of pseudo first order rate constant, ^ , 
as a function of CTAB concentration for the react- 
ion of various triphenylmethyl carbonium ions X'/ith 
hydroxyl ion at 25 °C 


SI. 

No. 

[ctab| 


2 - 1 

X 10 min 


rSG'^3 =1.5x10“^ M 
[0H“3 = 0.01 M 

Cbg'^! = 1.6x10“^ M 
[blQ = 9.25 M 

Q^g'*! =1.8x10~^M 
[OHJ = O.OOl M 

1. 

0.0000 

4.613 

0.461 

9.605 

2. 

O.COOl 

4.615 

0.461 


3- 

0.0003 

4.613 



4. 

0.0004 

4.617 

2.315 

9.636 

5. 

0.0005 

4.617 



6. 

0.0006 

4.613 

3.380 

9.625 

7. 

0.0008 

4.630 

4.307 

4. 327 

8. 

0.0010 


4.998 

14.85 

9. 

0.0012 

5.758 



10. 

0.0015 



15.20 

11. 

0.0016 

8.636 



12. 

0.0020 

11.23 

7.517 

18. 20 

13. 

0.0024 

13.82 



14. 

0.0028 

17.13 



15. 

0.0030 


8.911 

33.39 

16. 

0.0032 

22.17 



17. 

0.0040 

57. 00 

8.955 

40.11 

18. 

0.0050 



46 . 06 

19 . 

0.0060 

55.27 

8.955 

52.01 

20. 

0.0070 



55.96 

21. 

0 . 0080 

76.46 

9. 185 

60.84 

22. 

0.0100 

77.15 

9.220 

89.82. 

23. 

0.0140 


8.955 


24. 

0.0150 

85. 89 


89.92 

25. 

0,0180 


8.816 


26. 

0.0200 

85.78 

8.955 

89.7 

27. 

0.0250 



90.39 
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studied in piesence of potcissium dibydrogenpliosphiate hydroxyl ion 
buffer at pH of the reaction system, maintained constant (9.25). 
This buffer has been reported to have insignificant effect on 
micellar catalysis of reactions involving acid or base hydroly- 
sis since introduction of micelle— forming surfactant in this 

or JoH 

solution, and thus pH in agueous bulk phase as v/ell as in complex— 
ed micellar phase may be assumed to be the same.^^ The concentra- 
tions of substrate (1,6 x 10 ^ M) and the counter ion (0*02 M) were 
also maintained constant. The values of pseudo first order rate 
constant with varying CTAB concentration are recorded in Table 
III. 6. The behaviour that the reaction rate remains unperturbed 
in the beginning then rises steeply attaining a final saturation 
with increasing CTAB concentration is evident from the kinetic 
data. 

c. Reaction of MG*^ carbonium ion with hydroxyl ion : The values 

of pseudo first order rate constant for the reaction of MG"^ carbo- 
nium ion with hydroxyl ion were determined at fixed concentrations 

-5 

of substrate (1.8 x 10 M) hydroxyl ion (0.001 M) and the bromide 
ion (0.02 M) as a function of varying CTAB concentration. The 
kinetic data are summarised in Table III. 6. It may be noted that 
the rate of reaction upto 0.0002 M CTAB concentration remains 
invariant and afterwards rises steeply resulting finally in a 
saturation value with increasing CTAB concentration. 

d. General features of rate vs detergent concentration profile ; 

It may be noted from Fig. III. 5 as well as from Table III, 6 that 


3 ^ 


in the 


buffer 


effect 


organisation 


M 
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the value of pseudo first order rate constant at low concentra- 
tions of CTAB in the beginning remains constant. As the CTAB 
concentration is further increased the value of rate constant, 
increases steeply resulting finally in a saturation value with 
the increasing detergent concentration. The observation of cata- 
lysis below CMC in case of BG"^, MG^ indicates that catalytically 
functional (pre) micellar aggregates are formed in the reaction 
systems. 


III.5.3.2 Effect of Substrate Concentration on the Reaction Rate 
The dependence of reaction rate on the substrate concentra- 
tion in presence of CTAB was studied by recording pseudo first 
order rate constant, k^^,at fixed concentrations of the reactant 
and the detergent and varying the substrates viz., SG*^, BG'" and 

Hh . , I 

MG concentration in the reaction system. The concentration of | 
hydroxyl ion in the reaction was maintained such that interfe- 
rence due to backward reactions on, the studies would be insigni- , 
f leant. Table III. 7 and Fig. ill, 6 summarize the effect of subs-? 
trate concentration, viz., SG', BG and MG on the alkaline fadinc 
reactions of the dyes cations in presence of CTAB. ; 

i 

a. Alkaline fading reaction of SG carbonium ion : The effect of j 

4 - ■ : 

SG carbonium ion concentration on the rate of alkaline fading ; 
reaction was studied by keeping the concentrations of CTAB (0.02M| 

and the reactant hydroxyl ion (0.01 M) fixed and varying substratj 

-5 -5 

concentration in the range 1.4 x 10 M to 2.0 x 10 M. 



Fig.11.6. The effect of substrate concentration on the reaction of | 
SG''(a), BG*{o) and MG*{P) carbonium ions with 
hydroxyl ion in presence of 0.02 M aqueous CTAB solutiori 

at 25°C. 



87 


Table III.7» Variation of rate constant, bm^v/ith substrate 

concentration in presence of 0.02 M CTAB for the 
reactions of various triphenylrnethyl carbonium 
ions at 25°C. 


SI. No. 


Substrate Concentration 
(in mole/litre) 


First Order Rate Constant 

2 -1 
X 10 min 


I. Reaction of 5G carbonium ion with hydroxyl ion : 

=0.01 H 

-5 

•1 >1/ ^ 


1.4 X 10 


1.6 X 10 


1.8 X 10 


2.0 X 10 


85.78 

85.56 

85.78 

85.78 


II. Reaction of BG carbonium ion w; 

pH = 9.25 

1. 1.4 X 10“^ 

2. 1.6 X 10“^ 

3. 1.8 X 10“^ 


2.0 X 10 


8.816 
8. 955 
8. 955 
8. 955 


III. Reaction of MG"^ carbonium ion wJ 

=0.001 M 


yl ion: 


1. 

1.4 

X 

10"^ 

89.74 

2. 

1.6 

X 

10~^ 

89.91 

3, 

1.8 

X 

-5 

10 

90. 39 


4 


2.0 X 10 


5 


89.91 
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b. Alkaline fading reaction of BG"^ carbonium ion : The effect of 
substrate concentration on the reaction of BG’*’ carbonium ion with' 
hydroxyl ion was examined at fixed concentration of CTAB (0.0 2 M) ; 
and pH 9.25. The pH of the reaction system was maintained by 
using potassium dihydrogen orthophosphate-sodium hydroxide buffer. 

-f* — 5 > 

The BG concentration was varied in the range 1.4 x 10~ M to 
2.0 X 10~^ M. 

c. Alkaline fading reaction of MG' carbonium ion : The effect on th 
reaction rate constant as a function of substrate concentration 
for the alkaline fading reaction of MG”^ carbonium ion was studied; 
in presence of fixed concentrations of CTAB (0.02 M) and hydroxyl 

ion (0.001 M) in the reaction system. The substrate concentratior 

-5 -5 

was varied from 1.4 x 10 M to 2.0 x 10 M. 

d. General features of r ate vs substrate concentration profile: i 

It may be noted from the data summarized in Table III. 7 as well ; 
as in Fig. III. 6 that the values of pseudo first order rate cons- 
tant, k(|j , are independent of initial substrate concentration in 

+ + 

the reaction system for all the carbonium ions vis., SG , BG and 

4- ^ 

MG . These studies demonstrate the reaction of carbonium ions, ; 
generated from triphenylmethane dyes, with hydroxyl ion are bi- 
molecular in nature but follow first order kinetics under the 
condition of excess of reactant concentration in the reaction 
system. j 

III. 5. 3. 3 Effect of Nucleophile Concentration on Reaction Rate [ 
The effect of reactant hydroxyl ion concentration on the | 

alkaline fading reaction of SG*^, BG"^ and Mg"^ carbonium ions In j 
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presence of CTAB was investigated by keeping the concentrations 
of substrate and the detergent fixed and varying the concentra-- 
, tion of hydroxyl ion in the reaction system. 

a. Reaction between and hydroxyl ion : For this reaction the 

effect of variation of hydroxyl ion concentration on the pseudo 
first order rate constant was examined in presence of fixed con- 
centrations of CTAB (0.02 M) and SG”^ (1.6 x lO”^ M) and varying 
the concentration of sodium hydroxide in the reaction system. The 
values of pseudo first order rate constant as a function of hydro- 
xyl ion concentration in the range of 0.0005 M to 0.0125 M are ' | 

summarised in Table III. 8. ■ 

b. Reaction between EG' and hydroxyl ion ; The effect of hydroxyl I 
ion concentration on the reaction rate for the alkaline fading of | 

BG"*" carbonium ion was studied by keeping the concentrations of | 

— 5 ^ 

CTAB (0.02 M) and the substrate (1.6 x 10 M) fixed and varying 
the BG concentration in the reaction system. The kinetic data | 

exhibitions the hydroxyl ion dependence of the rate constant in i 

presence of CTAB are summarised in Table III. 8. { 

c. Reaction between MG'* and hydroxyl ion ; The effect of reactant ; 

concentration on the pseudo first order rate constant for the j 

reaction of MG"^ carbonium ion with hydroxyl ion was studied at i 

-5 j 

fixed concentrations of CTAB (0.02 M) and the substrate (1.6 x 10 M) | 

1 

and varying MG'*’ concentration in the reaction system. The kinetic | 

i 

data for the effect of hydroxyl ion concentration on reaction rate ■ 

■ ■ i 

are summarised in Table III. 8. , 
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Table III. 8. 


Pseudo first order rate constant, , as a function 
of hydroxyl ion concentration in presence of 0.02 M 
CTAB for the alkaline fading reaction of triphenyl- 
methyl carbonium ions at 25 °C. 


SI. 

No. 

[oH^ xlO^ 

First Order 

Rate Constant k^j 

2 -1 

X 10 min 

I^g'J =1.6x10' 

|j 3G'^ = 1.6x10“ 

1 . 6x 1 0“ 

1. 

0.5^ 


4.86 

3.23 

2. 

1.0 



3.33 

3. 

1.5 


10.02 

4.55 

4. 

2.0 



7.89 

5. 

3.0 


17.71 

11.09 

6. 

4.0 


25.59 

16.92 

7. 

5.0 

7.54 



8. 

6.0 


50.70 

33.68 

9. 

7.5 

4.55 



10. 

8.0 


91.33 

60 . 66 

11. 

10.0 

6.04 

134.40 

89.56 

12. 

15.0 

9.59 

192.32 

177.40 

13. 

20.0 

19.35 


227.70 

14. 

30.0 

29,25 



IS- 

40.0 

40.08 



IS. 

50.0 

51.20 



17. 

75.0 

77.76 



18. 

100.0 

104.80 



19. 

125.0 

139,30 
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features of rate vs reactant concen-t.r a+--i pr-ofiiP>. 

It may be observed from Table III, 8 and also Fio tt-x x x., , 

III. 7 tl'iat the 

increasinq concentration of hydroxyl ion in the x • 

^action system 

on the reactions of SG**", BG” and MG"^ carbonium ■ 

•^^ns in presence 

of CTAB has the effect of increasing the value of pseudo first 
order rate constant. In case of reaction of Mg"^ 

ctiici Jda at 

lower hydroxyl concentration the increase was not much however 
at comparatively higher hydroxylion concentration the rate cons 
tant varies linearly only in a narrow concentration range of 

hydroxyl ion. Similar results were obtained for the reaction of 

* 1 “' 

SG carbonium ion with hydroxyl ion. A better insight into rate 
vs reactant concentration profile may be obtained by introducing 
the concept of catalysis factor, defined as. 


Catalysis Factor, C.F. 



constant 


(3.6) 


where is pseudo first order rate constant in absence of deter 

gent and kj^^the value of first order rate constant in presence 

of detenent corresponding to saturation value in rate vs surfac' 

tant concentration profile. The values of rate constant k and 

w 

kj^ correspond to same total reactant concentration in the react- 
ion syvStem. 


The-* values of catalysis factor as a function of hydroxyl 
ion concentration for various reactions viz., i^eaction of sg"*’, 

BG'*’ and MG"^ carbonium ion hydroxyl ion in presence of 0.02 M CTAB 
are sunmarised in Table III. 9. It may be noted from this table 



Ro\e ys hydroxyl ion concentration profile for the 
alkaline fading reaction of MG* carbonium ion m 
pre';cnce of 0.02M CTAB at 25° C. 
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Table The values of overall catalysis factor as a 

function of hydroxyl ion concentration for 
alkaline fading reaction of carbocations in 
presence of 0.02 M CTAB at 25 °C 



xl0‘^ 

Overall 

alkaline 

catalysis factor 
fading reaction 

for 

of 

Sl#xiO. 

SG"^ ion 

r" “h , 

BG , ion 

Q4G'J ion 

1. 

0.5 


3.45 

5-84 

2. 

1.0 


3.04 

3,01 

3, 

1.5 



2.74 

4. 

2.0 


5.64 

3.57 

5. 

3.0 


7.46 

3.34 

6, 

4.0 


9.25 

3.83 

7. 

7.0 

7.54 



8, 

6.0 


14.29 

5.078 

9. 

7.5 

18.60 



10. 

8.0 


21.03 

6.86 

11. 

10,0 

18.52 

26.22 

8.10 

12. 

15.0 

19,40 

28.19 

10.40 

13. 

20.0 

29.60 . 


10.30 

14. 

30.0 

29.89 



15. 

40.0 

30.72 



16. 

50.0 

31.40 



17. 

75.0 

31.76 



18. 

100.0 

32.13 




19 


125.0 


34.17 


Factor of catalysis 


JH]x10‘ 

Fig. ffl.8 variation ot reaction 

Tss'i'Z BGMO) and MGMo) carbonium .ons -n. 
°L«nce ot 0.02M CTAB at 25 C. 
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as well as from Fig. III. 8 that at low hydroxyl ion concentration 
the values of ceitalysis factor for these reactions are low. For 
the alkaline fading reactions of BG’ and MG' carbonium ions /Which 
occur at lower hydroxyl ion concentration as compared to that of 
alkaline fading reaction of SG"^ carbonium ion/ the value of cata- 
lysis factor in the beginning decreases slightly with increasing 
hydroxyl ion concentration at very low 0.001 M) reactant con- 
centration. As hydroxyl ion concentration in the reaction system 
is further Increased the value of catalysis factor for all the 
three reactions increase steeply tending to result in final satu- 
ration value. Thus for triphenylmethyl carbonium ions reaction 
with hydroxyl ion the optimal reactant concentration may be chosen 
at which maximum rate enhancement would be observed in presence 
of cationic micelle surfactant. A further increase in the react- 
ant concentration would have insignificant effect upon the over- 
all enhancement of the reaction rate in presence of cationic sur- 
factant. 


III. 6 DISCUSSION 

111,6.1 Reaction Mechanism 

The alkaline fading reaction of triphenylmethane dyes is 
two step process represented as follows: 
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(colourless) (coloured) 


where X* = CH^ 

and 

X" = Cl 

for 

SG; 

X' = C 2 H 5 

and 

X" = H 

for 

BG; 

X' = CH^ 

and 

X" = H 

for 

MG. 


In the first step the dye cation with unit positive charge is 
produced and it does not contribute to the rate process. The 
carbocation then reacts with hydroxyl ion present in the reaction 
system to form colourless carbinol. 

III.6.2 Micellar Effects on the Reaction Rate 

The reaction of carbonium ions viz., SG-"^, BG’*' and MG”^ with 
hydroxyl ion is inhibited upon the addition of SDS in the reaction 
system. In contrast the addition of CTAB in the reaction system 
catalyses these reactions and thus the reaction rate in presence 
of this detergent increases. The first order nature of these 
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reactions in presence of mice lie- forming surfactants is demons- 
trated by the substrate concentration ys rate profile. The plot 
of overall inhibition factor for these reactions ys hydroxyl ion 
concentration in presence of SDS goes through a maximum which 
afterwards tends to attain saturation value (^’ig. III. 4). In 
presence of CTAB the overall catalysis factor for these reactions 
increases with increasing hydroxyl concentration, except at very 
low hydroxyl ion concentration, which afterwards tends to attain 
a final saturation value (Fig. III. 8). In the range of very low 
hydroxyl ion concentration the value of overall catalysis factor 
in prer.i.'uco of CTAB decreases with increasing hydroxyl ion con- 
centration giving rise to a minimum in the plot of overall cata- 
lysis factor ys reactant concentration. Such a minimum for the 

reaction of SG with hydroxyl ion could not be obtained since the 
•f* 

reaction of SG with hydroxyl ion could be followed at relatively 
higher reactant concentration. 

Tliose observations may be rationalized by postulating (i) 
that the substrate, detergent, counter ion and/or reactant in the 
reaction system associate to form catalytically functional loose 
aggregates; (ii) that the substrate with higher hydrophobicity 
will involve more detergent molecules in the process of aggrega- 
tion; (iii) that the ground state of the reaction may be more/less 
stabilized with respect to transition state as a result of the 
formation of catalytic aggregates; (iv) that increasing concentra- 
tion of counter ion or reactant (in case reactant also serves as 
counter ion of the surfactant under consideration) in the reaction 
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system will neutralize the head group charge of the catalytic 
micelles and a further increase in counter ion or reactant con- 
centration would result in the state of saturation with respect 
to charge neutralization and (v) that the alkaline fading react- 
ion of triphenylmethyl carbonium ions obey Equation ( 3.4) . 

In presence of SDS in the reaction system the surfactant, 

*4" .1 j. I 

the substrate i.e., SG , BG or MG and the counter ion i.e., Na’ 
may associate to form catalytically functional micelle with net 
negative charge. In this process of aggregation the reactant is 
excluded Irom the catalytic aggregates as hydroxyl ion lacks 
hydrophobic! ty ancl bears charge similar to that of surfactant 
head groups. As a result of formation of these catalytic aggre- 
gates the ground state of the reaction will be more stabilized 
with respect to transition state of the reaction and the hydroxyl 
ion will not be able to approach the carbonium ion due to un- 
favourable Glectrostatic interaction between reactant and the 
catalytic micelles. However, the aggregates and other species 
viz., substrate, detergent and the counter ion in the reaction 
system will be in the state of dynamic equilibrium and thus there 
exists finite, however small, probability of carbonium ions react- 
ing with hydroxyl ion. The stabilization of ground state with 
respect to the transition state and non-approachability of hydro- 
xyl ion are the factors responsible for inhibition observed in 
presence of SDS in the reaction system. The reactant ys rate 
profile can be explained by considering Equation (3,4). At low 
hydroxyl ion concentration the values of both the factors i.e.. 
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and k2-CQj_j are suppressed in presence of SDS. The suppression 

in the value of k^ is consistent with the observations of Duynstee 
14 

and Grunv;ald. At higher sodium hydroxide concentrations the 
sodium ions will neutralize the head group charge of the cataly- 
tic micelles thereby facilitating the approach of hydroxyl ion to 
the carbonium ions in the catalytic aggregates. Further, the 
probability of attack of reactant hydroxyl ion upon the complexed 
carbonium ions increases with increase in overall hydroxyl ion 
concentration. As a result of this the value of overall inhibi- 
tion factor decreases and thus gives rise to maximum in the plot 
of overall inhibition factor ys hydroxyl ion concentration. At 
higher sodium hydroxide concentration the saturation of the head 
groups of the catalytic micelles occurs with respect to charge 
neutralisation. As a result of mutual hindrance in the reactant 
ions its concentration in the vicinity of catalytic micelles may 
not increase with further increase in total hydroxyl ion concen- 
tration in the reaction system. Thus the overall inhibition 
factor b.'ndr: to attain a saturation value. The appearance of 
maximum in overall inhibition factor ys hydroxyl ion concentra- 
tion-profiles indicates that there is an optimum reactant concen- 
tration at which maximum inhibition would occur. In the region 
of optimal hydroxyl ion concentration the values of overall inhi- 
bition factor for these reactions varies in the order of subs- 
trate hydrophobic! ty viz., 

The catalysis in presence of CTAB may be explained by con- 
sidering the formation of catalytic micelles with net positive 
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charge by the association of substrate, detergent, counter ion 
and reactant (hydroxyl ions) in the reaction system. Since the 
binding of hydroxyl ions with surfactant head groups is known to 
be weak, only a small fraction of the total hydroxyl ion concen- 
tration will be involved in the process of aggregation to form 

32 33 

catalytic micelles. ' Inspite of this the reactant concentra- 
tion around catalytic micelles would be increased as a result of 
favourable electrostatic interaction between catalytic aggregates 
and the hydroxyl ions. Further, the process of aggregation would 
have the consecfuence of destabilizing ground state with respect 
to transition state. TVius the increased reactant hydroxyl ion 
concentration around catalytic micelles and the destabilization 
of ground state of the reaction with respect to transition state 
may be assigned as the factor responsible for the observed cata- 
lysis in presence of CTAB for alkaline fading reaction of these 
carbocations . 

The shape of curves resulting from the plot of overall 
catalysis factor ys hydroxyl ion concentration (Fig. III. 8) may 
be explained on the basis of Equation (3,4 ) . For the reaction 
of triphenylmethyl carbonium ions with hydroxyl ion in presence 
of CTAB the value of k^ in Equation ( 3.4 ) is suppressed whereas 
the value of is elevated. At very low hydroxyl concen- 

tration the contribution of k^ is more than that of ^Cq^j- towards 
the determination of overall rate constant in presence of deter- 
gent, This results in the decreasing value of overall catalysis 
factor. As the reactant concentration is further increased the 
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cstslytic con t^ribu tion du.© to tsirm k2»CQj_j— ovsiriridss tbs soppirs— 
ssion in the value of and thus the overall catalytic factor 
increases with increasing reactant concentration. At high react- 
ant concentration the catalytic micelles tend to become saturated 
with hydroxyl ion and further increase in its concentration makes 
a small contribution towards the increase in overall catalysis 
factor. Thus# the curve at higher hydroxyl ion concentration 
tends to attain saturation value. It may be concluded that in 
this region of hydroxyl ion concentration the ratio of reactant 
concentration in complexed phase and the free bulk phase remains 
constant for these reactions in presence of CTAB. In the region 
of Sratur<i tion (Fig. III. 8), in the plots of overall catalysis 
factor vs hydroxyl ion concentration the values of catalysis 
factor could be arranged in the following decreasing order for 
the substrates viz., SG ^ BG ^MG . 

It is of interest to note that both overall inhibition 
factor and overall catalysis factor show identical decreasing 
trend in respect of substrates that is their values decrease for 
the substrates in the order SG^>BG'^'>MG’*'. This suggests that 
the hydrophobic! ty of these substrates could be arranged in a 
similar order SG>BG>MG. comparison of the structure of these 
dyes thus indicates that the introduction of Cl group in the phenyl 
ring to form SG imparts more hydroph obi city to the substrate than 
does the replacement of CH3 groups by C2H5 groups to form BG. 
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CH/.PTER IV 


MICl-ILLAR EFFECT, '3 ON THE REACTION OP TRIPHENYLMETHTL 
.'APnOHIITM lOHS WITH liYDROXYL lONs INVESTIGATION 
AND ANALYSIS OF COUNTER ION EFFECTS 



104 


IV, 1 ABSTRI^CT 

The overall efficiency of micellar effects on the reaction 
rates of triphenylmethyl carbonium ions viz., SG"^', and MG’*' 

with hydroxyl ion is diminished upon the addition of counter ions 

to the reaction systems. The influence of counter ions viz., Li"^, 

-|- 

Na an(3 Rb which was studied at relatively higher sodium hydro- 
oxide concentration, on the alkaline fading reaction of SG"^ carbo- 
nium ion In presence of SDS was found insignificant. The value 
of pnoudo first or<ler rate constant for SDS inhibited reaction of 

Hh “'i"" » 

BG and MG carbonium ions with hydroxyl ion increases with 
increasing c:oncentration of cations viz., Li”^, Na"^, Rb”*" and Cs"^. 
The counter ions viz., CH^COO", Cl~, Br~, and reduce the 

extent of overall catalysis of the reaction of considered tri- 
phenylmethyl carbonium ions with hydroxyl ion in presence of CTAB. 

The kinetic data for the influence of counter ions on mice- 
llar effects of these reactions have been analysed following the 
model schemes developed in Chapter II. Analysis of the data on 
the basis of Scheme II, 1 indicate that the neutralization of 
charges on the catalytic micelles and the alteration in the ther- 
modynamic parameters of the reactions are factors responsible for 
the observed counter ions effect on the inhibition of the alkaline 
fading reaction of triphenylmethyl carbonium ions in presence of 
SDS. Quantitative analysis of the effect of anions on the mice- 
llar catalysis of these reactions in presence of CTAB was done by 
using equations developed by formulating Scheme 11,2. The values 
of various parameters used in this model scheme for these reaction 
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systems clearly indicate that the effect of counter ions in redu- 
cing thf. overall catalytic efficiency of CTAB may be attributed 
to the perturbation of thermodynamic parameters of the reactions 
and the replacement of reactant hydroxyl ions by inert counter 
ions fropa the vicinity of catalytic micelles. The replacement 
of the substrate from the complexed phase to aqueous bulk phase 
is unambiguously naled out as the neutralization of charges on 
catalytic micelles by counter ion v/ould reduce the repulsive 
electror,tatic interaction between substrates viz., SG'' , BG and 
MG and the cationic micelle- forming detergent CTAB, resulting m 
the enhatic! *rn< ‘H L of the binding. Further, it has been inferred 
that the composition of catalytic micelles corresponding to 
various substrates in presence of same surf actant , counter 

ion and reactant species may not be the similar and that the 
degree of ionic dissociation of catalytic micelles in a given 
reaction system is dependent on the specific interactions of the 
count-.er ions present therein with catalytic aggregates. 

IV. 2 INTRODUCTION 

One of tfie vital and notable aspects of micellar catalysis 

1-12 

of chc-r.iical reactions is their sensitivity to salt effects. 

Added electrolytes to the reaction system containing micelle- form- 
ing surfactant have been found to alter the efficiency of mice- 
llar effects through the participation of counter ions. The 
influence of electrolytes on a nuimber of reactions has been exa 
mined and certain common features have been noticed viz..(i) that 
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trie celt cfft’ctc r? re specific and depend upon the nature of the 
ion which ims tnc charge opposite to that of the catalytic mice— 
llo; (ii) that tiie effects are relatively indpendent of the nature 
and structure of co-ion i.e., the ion bearing the charge similar 
to that of cntrilytically functional micelles; (iii) that the 
effectiveness of counter ion in changing the overall efficiency 
of catalytic micelles depends upon the position of counter ion 
in lyotropic scu'ies i.e., the effects are greatest for large, low 
charge density ions which interact most strongly with the cata- 
lytic.') I ly functional micelles; (iv) that the relative effective- 
ness of counter ions in modifying the micellar effects is largely 
indepemdent oC the chemical reaction under scrutiny and (v) that 
the counter ion, generally, reduce the overall extent of micellar 

catalysis, however, a few exceptions to this general behaviour 

13 

have been reported recently. 

Tho effect of sufficiently hydrophobic and negatively 
chargod counter ions on the reaction of negatively charged subs- 
trate with .a nucleophile in presence of a cationic micelle-form- 
ing surf i:ictnnt was treated by Bunton et by extending the 

Menqcr and Portnoy model of micellar catalysis by assuming compe- 
titive binding between the substrate and the counter ions with 
the micelles. However, this treatment cannot be applied to other 
reaction systems for the quantitative analysis of the effect of 
counter ions on micellar catalysis because the physical realities 
which exist in the reaction systems, in general/ do not conform 
to the assumptions made in this forroulation. For example, the 
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por.f-dbility of: the replacement of hydrophobic substrate by hydro- 
philic count(.:r ions from complexed phase to bulk of the solution 
seems unreal, emd the deactivation of a micelle completely as a 
result of its association v/ith a single counter ion may be an 
oversimplified assumption. Moreover, some other factor which do 
contribute to overall effects viz., (i) neutrilization of charges 
on the catalytic micelles by counter ions; (ii) replacement of 
reactent ion species aroxind the catalytic micelles by inert 
count' T ions find vic>-- - versa as a result of the variation of con- 
centration of thoju'' species in the reaction system; (iii) changes 
in the t.l'H -rmoilynami c pararnt;tors of the reaction in micellar envir- 
onment and (iv) the possible changes in the aggregation proper- 
ties of the diitergent to form catalytic micelles in presence of 
electrolytes and substrate etc, were not considered in this treat- 
ment. 

14 

Ttie method developed by Srirahama for the analysis of the 

effeef. of added electrolytes on micellar catalysis does not 

attempt to ..-xpLuin the specific effects i.e., the difference in 

the r-.'lative overall effectiveness of various counter ions in 

15 

altering micellar effects. Berezin et ' also do not treat 

reaction systc^ms ^^/here specific ionic effects are important. The 

treatment of Romsted^^ makes an assumption that the degree of 

counter ion binding to the micelles is constant however, the 

17 

recent experimental results of Almgren and Rydholm show that 
this may not be true. Further, it may be pointed out that if the 
degree of counter ion binding is assumed constant then this 



108 


implioE th.jt the v-iriouc counter ions are identical in relation 
to t;K-ir interactions. Therefore, they should neutralize mice- 
llar surface cru.rgen to the same extent. However, the results of 
counter ion effects on micellar catalysis clearly show that the 
specific ionic interactions are important. 

In this chapter the exparimental studies in the effect of 
counter ions on sodium dodecyl sulfate (SDS) inhibited and 
cetyltrlsTiot: .yl'-.mmonium bromide (CTAB) catalysed reaction of 
triphenylmethy] carbonium ions viz., SG"^, BG'^ and MG"^ with hydro- 
xyl ion ap' reportc’rl. The experimentally obtained kinetic data 
for iniceiiar cl ferts have been analyzed on the basis of our 
recently proponed schemes (described in Chapter II) . The values 
of equilibrium binding constant of the substrates with the deter- 
gents, i.e., SDS and CTA3,in presence of various counter ions 
have been calculated. Further, the values of equilibrium exchange 
factor for the exchange between different anions and react- 

ant hydroxyl ion, in presence of CTAB are reported. The number n 
and p, -inalogous to cooporativity index in enzymatic reaction, 
corresponding to detergents and various counter ions have been 
evaluatofi, 

IV. 3 EXPERIMENTAL SECTION 
IV. 3.1 Method and Reagents 

The method used for the evaluation of rate constant and 
the purity of chemicals used in this study are described in 
Chapter III, 
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IV. 3.2 Analysis of Kinetic Data 

The analysis of experimental data was done using Computer 
DEC system 1090 (model KL-10) on the basis of matT-iematical fomiu- 
lation developed in Chapter II. 

IV. 4 RESULTS 

IV. 4.1 EFFECT OF COUNTER IONS ON SDS INHIBITED REACTION OF 
TRIPHENYLMETHYL CARBONIUM IONS WITH HYDROXYL ION 

It has been reported in Chapter III that the alkaline fad- 
ing reactions of triphenylmethyl carbonium ions viz., SG ’ , BG"^ 

and MG are inhibited upon the introduction of SDS in the react- 

•4* “f" ”h 

ion system. The effect of counter ions viz., Li , Na , Rb and 
Cs on these reactions in presence of SDS was examined at fixed 
concentrations of detergent, reactant and the substrate by vary- 
ing the concentration of counter ions in the reaction systems. 

The fixed concentration of detergent corresponds to saturation 
concentration of SDS in rate vs detergent concentration profile 
for these reactions. The effect of K on these reactions in 
micellar environment could not be studied as this ion precipi- 
tates the detergent from the solution. 

-t. 

a. Alkaline fading reaction of SG' carbonium ion ; The effect of 
counter ions viz., Li"*", Na”*" and Rb"^ on the SDS inhibited reaction 
of SG"*" carbonium ion with hydroxyl ion was studied at constant 
concentrations of SDS (0.005 M) , hydroxyl ion (0.5 M) and subs- 
trate (6.0 x 10~^ M) by varying the concentration of counter ions 
in the reaction system. The results are summarized in Table IV. 1. 
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Table IV«1 . Effect of cations on alkaline fading reaction of 

■ triphenylmethyl carbonixim ions in presence of 0,005 M 
SDS at 25°C 


SI. 

No. 

Counter Ion 

Concentration, 


First order rate 

k^^ X 10^ 

constant, 

. -1 

min 



M 


t 4 - 

Rb"^ 

Cs 




Li^ Na 

1 

2 


3 4 

5 

6 


Reaction 

of 

■4* , 

SG Carbonium Ion 




foH^ =0.5 M 

= 6 X lO"^ M 



1. 

0,00 


3.97 3.97 

3.97 


2. 

0.02 


3.97 3.97 

3.97 


3. 

0,05 


4.02 4.03 



4. 

0.10 


4.02 4.02 



5. 

0.15 


3.97 3.97 




Reaction 

of 

BG Carbonium Ion 




ii 

O 

• 

o 

M 

£bG^| =8 xl0“^ M 



1. 

0.000 


5.30 5,30 

5.30 

5.3 

2, 

0.005 



6.29 


3. 

0.010 



7.21 


4, 

0,015 



7.16 


■5. 

0.020 



7.89 


6. 

0.030 




8,9 

7. 

0.040 


8.36 8,98 



8. 

0.08 


11.05 12.43 


13.3 


contd 


Ill 


Table IV, 1 (contd, ) 


1 

2 

3 

4 

5 

6 

9. 

0.10 

11.51 

12.52 



10. 

0.11 




15.07 

11. 

0.15 




17.13 

12. 

0.16 

13.82 

15.36 



13. 

0.20 

15.93 

17.73 



14. 

0.25 

15.91 

17.73 


23.31 


Reaction 

. 

of MG Carbonium Ion 





[oH^ =0.0l . M 


= 8 xl0“^ M 



1. 

0.00 

10.07 

10.07 

10.07 

10.07 

2. 

0.005 



12.00 


3. 

0.01 



14.00 


4. 

0.015 



17.65 


5. 

0.02 



18.42 


6. 

0.03 


17.9 


22,56 

7. 

0.04 

16.4 




8. 

0,05 




26.61 

9. 

0.06 

19.8 

22.66 



10, 

0.08 




30.19 

11. 

0.09 

22.45 

26.01 



12. 

0,11 





13. 

0.12 

24.18 

28.25 



14. 

0.15 

28.09 

29.94 


33.30 
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t>. All: , fa-llnq ronction of carbonium ion ! The effect of 

cationo vi::., Li , j.a , Rb and Cs"^ on the micellar inhibition of 
the rjlKaliriv fadin-j reaction of BG'*' carbonium ion was investiga- 
ted ty kr*,:-! ing the concentrations of SDS (0.005 M) , hydroxyl ion 
(0.01 I-Ocnd rub;: t.r jtc (6 x 10 .^ M) fixed and varying the counter 
ion concentration. The effect of these counter ion is exhibited 
in Fig. IV. 1. The Itlrif^tic data are also summarized in Table IV. 1. 


4 * 

c. Alkaline fadlnn reaction of MG carbonium ion : The effect of 

count’or ionn vi;:.# Li”*", Na"^, Rb"^ and Cs"^ on the micellar inhibit- 

4 * 

ion ol the re.iction ni MG carbonium ion with hydroxyl ion in 
presence of UDG v/as examined by keeping the concentrations of 
detergent (0,00b M) # reactant (0.01 M) and the substrate (SxlO^M) 
constant and varying the concentration of counter ion in the reac- 
tion system. The values of rate constant as a function of counter 
ion concentration are summarised in Table IV, 1 and also shown in 
Fig. IV. 2. 


d. General fc.iturcs of the effect of cations on SDS inhibited 
alkaline .fadinci reaction of triphenylmethyl carbonium ion ; It 
may be noted fre-sm the data of Table IV. 1 and Figs. IV. 1 and IV. 2 
that the coxintor ions do not exhibit significant influence on the 
reaction of oG"^ carbonium ion with hydroxyl ion in presence of 
SDS. For the reaction of BG"^ and MG carbonium ions with nydroxyl 
ion in presence of vSDS the value of pseudo first order rate cons- 
tant increases with increasing cation concentration and finally 
reaches a stiituration value. This shows that the extent of 




with hydroxyl ion at 25 C. 


32 



inhibited alkaline fading reaction of Malachite Green 
carbonium ion at 2S®C. 
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inhibition, caused due to the presence of detergent, is reduced as 
the concentration of counter ions viz., Li"*", Na"^, Rb'*' and Cs"^ is 
increased in the reaction system. At a given cation concentra- 
tion overall effectiveness of the counter ions in modifying the 
extent of micellar catalysis was found in the increasing order of 
Li’^<CNa'^<!^Rb"*'<^Cs'^ . 

IV. 4 . 2 EFFECT OF COUNTER IONS ON CTAB CATALYSED REACTION OF 
TRIPHSITfLIlETHYL CARBOMIUM IONS VITH IIYDROXYL ION 

The effect of various anions on the catalysis caused by the 

" 4 " * 4 * 

presence of CTAB on the alkaline fading reactions of SG , BG and 
MG carbonium ions was studied by keeping the concentrations of 
detergent, reactant and the substrate constant and varying the 
counter ion concentration in the reaction system. The concentra- 
tion of the detergent was chosen such that it corresponds to satu- 
ration concentration of CTAB in the rate ys surfactant concentra- 
tion profile. 

a. Reaction of SG'^ carbonium ion with hydroxyl ion ; The effect 
of counter ions viz.. Cl", Br", N 03 “ and N 3 ~ on the micellar cata-| 
lysis of the alkaline fading reaction of SG"*' carbonium ion in pre-j 

sence of CTAB was studied at fixed concentrations of detergent j 

— 5 i 

(0.02 M) , hydroxyl ion (0.01 M) and substrate (1.6 x 10 M) by 
varying the counter ion concentration in the reaction system. The : 
values of pseudo first order rate constant as a function of countp 
ion concentration in presence of CTAB for this reaction are summa-t 
rized in Table IV,2. The effect is also shown in Fig. IV.3. i 
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Table IV. 2, The values of pseudo first order rate constant for 

alkaline fading reaction of triphenylmethyl carbonium 
ions in presence of 0.02 M CTAB at 25°C. 


First order rate constant/ 

SI. Counter Ion . -1 

No, Concentration, ky x IQ min 



M 


Ac~ Cl” Br~ 

o 

^ 3 " 

1 

2 


3 4 5 

6 

7 


Reaction 

“1“ 

of SG Carbonium Ion 





ficll 

= 1.6 X 10“^ M 





[pHll 

=0.01 M 





k 

w 

= 4.48 xlO”^ min^ 



1. 

0.00 





2. 

0.01 



4,15 


3. 

0.02 


7.14 4.92 


3.89 

4. 

0.04 




1.98 

5. 

0.05 


4,49 2.72 

1.90 


6, 

0,06 




1.54 

7. 

0.08 


3.76 

1.41 


8. 

0.10 


1.41 


1.09 

9. 

0.12 


2.80 

0.95 


10, 

0.15 




0.66 

11. 

0.16 


2.02 

0.83 


12, 

0.20 


1.82 

0.74 

0.47 


Reaction 

-j* ^ 

of BG Carbonium Ion 





Ceod 

= 1,8 xlO"^ M 





CoH'l 

= 0.001 M 






= 5.14 xl0“^ min”^ 



1. 

0.00 


8.35 8.35 8.35 

8.35 


2. 

0.025 


7.20 6.25 4,04 

3.40 

* 9 

. contd, 


2 


contd 
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Table IV. 2 (contd.,) 

~J 3 4 5 E 7 


3. 

0.050 


6.28 4.40 

2.50 

2.00 

4. 

0.075 


5.64 3.76 

2.10 

1.89 

5. 

0.100 


5.20 3.08 

1.99 

1.80 

6. 

0.150 


4.38 2.32 

1.64 

1.44 

7. 

0.200 


4.15 2.07 

1.58 




Reaction 

-f* 

of MG Carbonium 

Ion 




|mg3 

= 1.^ X 10“^ M 





Coh!) 

= 0.001 M 






= 8.92 xl0“^ min' 

-1 


1. 

0.00 


6.70 6.70 

6.70 

6.70 

2. 

0.01 


5.83 



3, 

0.02 




3.21 

4. 

0.025 



4.05 


5. 

0.03 


5.11 



6. 

0.04 


4.71 


2.45 

7. 

0.05 


4.63 

3.05 


8. 

0.075 


3.68 

2.15 


9. 

0.080 




2. 17 

10. 

0.10 


3.61 

2.55 

1.96 

11. 

0,15 


3.22 

2.37 

1.55 

12. 

0.20 


3.03 


1.58 

13. 

0.250 



2. 00 
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b. Reaction of 30*^ carbonlurn ion with hydroxyl ion : The effect 
of anions viz., CH^COO", Cl', Br" and N0,~ on the alkaline fading 

J- ® 

reaction of EG' carbonium ion in presence of CTAB was investiga- 
ted by keeping the concentrations of detergent (0.02 M) hydroxyl 
ion (0.002 M) and substrate (1.8 x 10 ^ M) constant and varying 
the concentration of counter ion in the reaction ■ system. The 
effect is exhibited in Fig. IV. 4 and the kinetic data concerning 
these studies are summarized in Table IV. 2. 

* 4 * 

c. Reaction of MG carbonium ion v/ith hydroxyl ion : The effect 

of counter ions vis., CHgCOO”, Cl~, Br and micellar 

JL 

catalysis of the alkaline fading reaction of MG' carbonium ion in 

presence of CTAB v;as studied at fixed concentrations of detergent 

(0.02 M) , reactant hydroxyl ion (0.001 M) and the substrate 
—5 

(1.8 X 10 M) by varying counter ion concentration. The kinetic 
data are summarized in Table IV, 2 and are also exhibited in Fig. 
IV. 5. 

d. General features of the effect of anions on CTAB catalyzed 
alkaline fading reactions of triphenylmethyl carbonium ions: 
Figures IV. 4 and IV. 5 and the Table IV. 2 illustrate the effect 
of counter ions on the CTAB catalysed reaction of triphenylmethyl 
carbonium ions viz., SG"*", BG"*” and MG"^ with hydroxyl ion. It may 
be inferred from the kinetic data that the addition of counter 
ions to the reaction system containing CTAB reduces the extent of 
overall catalysis caused by the presence of the detergent. In the 
initial stages the rate constant decreases steeply with increasing 
salt concentration but later on it tends to attain a saturation 


) According to eqn.(2^23$ 
Experimental points 
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value. At a given counter ion concentration the ions having 
large size and low charge density are more effective in reducing 
the overall catalysis of the reactions investigated. 


IV. 4. 3 ANALYSIS OF COUNTER ION EFFECTS ON SDS INHIBITED ALKALINE 
FADING REACTION OF TRIPHENYLMETHYL CARBONIUM IONS 


The alkaline fading reactions of triphenylmethyl carboniuni 

-f* "f* Hh 

ions viz., SG , BG and MG in a reaction system containing SDS 
and an electrolyte conform to Scheme II. 1 described in Chapter II 
because of the existence of favourable electrostatic and hydro- 
phobic interactions between substrate and the detergent and favo- 
urable electrostatic interaction between detergent and the counter 
ions i.e., cations. Thus, the surfactant, substrate and the coun- 
ter ions associate to form catalytically functional aggregate. 
Reactant hydroxyl ions are excluded from the process of aggrega- 
tion because of unfavourable electrostatic and absence of hydro- 
phobic interactions between detergent and the reactant. Thus, the 

reaction of triphenyl carbonium ions with hydroxyl ion in presence 

18 19 

of SDS may be represented as follows; ' , 

Scheme IV. 1 


riD -f R 4- pA 




* (R'*’) * aJ 
— n p 


w 


OH 


OH 


ROH 


m 


where r’*' is one of the carbonium ions Sg’’*, BG or MG , D represents 
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hydrophobic anionic hydrocarbon chain of SDS, and A represents 
the counter ion i.e., cation given out by added electrolyte in 
the solution and k^ are pseudo first order rate constants for 

free and complexed substrate respectively. being the equili- 

brium binding constant of the substrate with detergent in presence 
of counter ion A. 

The aggregate (R"^) is assumed to be a loose complex 

and the species present in it may constantly and continuously 
exchange with the species present in the bulk of the solution. 

I 

Though the catalytically functional aggregates do not have the 
participation of hydroxyl ions in their formation but there exist 
a finite probability of the attack of hydroxyl ion on the complex- 
ed carbonium ion in solution. Consequently, the alkaline colour 
fading reaction of these carbonium ions proceeds in the foirward 
direction in presence of SDS,. 


In actual reaction systems , multiple, sequential, equilibrium 
steps are involved in which substrate, detergent and the counter 
ions aggregate to form catalytically functional micelles. The 
Scheme IV, 1 may be imagined to involve following steps: 


nD 4- R 


d” * (r”^ ) 


k 


W 


n ^ (R”^) *a5 


d;; * (r") +pA - 


OH OH 


^ml 


n 


OH 


m 


> ROH ^ 
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In the first step the detergent and the substrate associate to 
form d"* (R*^) vdiich interacts with the counter ions present in the 
reaction system to form aggregate (r"*") *A^ represents rate 

constant for alkaline fading reaction of carbonium ion when it is 


complexed with the detergent. and are equilibrium binding 

constants for two sequential steps represented in Scheme IV. 1. 
Thus, by analogy from Scheme II. 1, one may write; 



log 

1 


= log 


log i 

1 

= log 



and 

O’ 

if 




■^1 + " 

log 

... (4.1) 

K'' p 

log 

... (4.2) 

bl 

... (4.3) 



where kt^ represents observed pseudo first order rate constant 
and Cq and are concentrations of detergent and counter ion 
respectively. 

Now, the analysis of the effect of variation of SDS concen- 
tration on the rate according to Equation (4. 1) i. e. , the plot of 

pJc •“ kw"l 

log — r-r-ivs log Ct, , should give straight line with the value 
of slope anci intercept equal to n and log ^bl respectively. It 
may be pointed here that in the analysis of the effect of deter- 
gent on the rate of reaction the effect of counter ions furnished 
by the surfactant itself has been neglected. In view of the larger 
effect of the detergent in comparison to that of counter ion fur- 
nished by detergent this assumption seems to be correct. The 
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valuGS of rjnd principl©, can not be measured, at zero 

counter ion cone ,‘ntr- t.ion but the values so obtained by consider- 
ing the effect oi counter ions furnished by surfactant may serve 
well/ st least rsemicjuantitatively, to analyze the micellar effects 
in such cases. 


The plot of log vs log C. according to 

Equation 4.2, for the effect of cations in presence of SDS should 
give straight line 'with the value of slope and intercept equal to 
p and log * The values of log and log can be used to 
evaluate the ovc;rall binding constant in p^resence of any of 
the cations under investigation. The flow chart for analysis of 
micellar el loot on the basis of this scheme is described in Fig. 
II. 1 in Chapter II, 


4 “ 

In the case of the reaction of SG carbonium ion with hydro- 
xyl ion, the inhibition by SDS was studied at high reactant concen- 
tration (0.5 M).The addition of counter ions vjas found to have no 
effect on the re-'iction rate in this reaction system. The analy- 
sis of micellar data for the effect of SDS concentration on the 
reaction of MG*^ and DG^ carbonium ions with hydroxyl ion was done 
on the basis of Equation 3«1 • Figure IV, 6 shows the plot of 
log XS log C^. The values of n and log 

for these reaction v;ere evaluated from the slope and intercept 
respectively. The analysis of the effect of counter ion concen- 
tration in presence of SDS was done on the basis of Equation IV. 2 
to obtain the values of p and log, for these reactions. The plot 

of log I I vs log C. for the reaction of BG"*" carbonium ion 

|ky J A 




og [detergent] 


Fig IV.6 Analysis of the effect of detergent,, concentration on 
the SDS (pre)micelle- inhibited alkaline fading reaction 
of MG'* corbonium ion of 25 C. 
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with hydroxyl ion is shown in Fig. IV.7. The values of log 
and log were used to evaluate overall binding constant 
in presence of each of the counter ions. The values of n, p and 
for these reaction corresponding to various counter ions in 
presence of SD3 are summarized in Table IV. 3. It may be noted 
that the values of p and for these reactions increase in the 

order of increasing size and low charge density of the counter 
ions . 


IV. 4 . 4 ANALYSIS OF COUNTER ION FFFFCTS ON CTAB CATALYSED ALK V.LINS 
FADING REACTION OF TRIPHENYLHETIIYL C/^BONIUM IONS 

The observation of micellar catalysis in the reaction of 
positively charged triphenylmethyl ions viz./ SG , BG and MG with 
hydroxyl ion in presence of surfactant CTAB forming positively 
charged micelles/ undoubtedly demonstrates the existence of pre- 
dominantly hydrophobic interactions between the substrate and the 
detergent in comparison to the unfavourable electrostatic inter- 
actions. Further/ there exists an attractive electrostatic inter- 
action of detergent i-trith the reactant as well as with the counter 
ion. Consequently, the substx'ate, detergent, counter ions and 
the reactant may associate to form catalytically functional mice- 
lles. The species present in these aggregates will be in the 
state of constant and continuous exchange with the species present 
in the aqueous bulk phase and thus maintaining the state of dyna- 
mic equilibrium. The hydroxyl ion in such a case will be in more 
favourable environment to react with the carbonium ions, resulting 
in the observed catalysis. The increase in anion concentration 








‘ig. IV. 7 Analysts of the effect of counter tons on the reaction of BG'*’ 
carbonium ion with hydroxi ion in presence of SDS {pre)mi- ; 
ccHcs according to Eqn. (2.8) at 25°C. j 
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'^9-ble IV, 3 » Quantitative analysis of the effect of counter ions 
on SDS inhibited alkaline fading reaction of tri- 
phenylmethyl carbonium ions at 25°c on the basis of 
Scheme IV. 1 . 


Counter 

Ion 


No. (s) Analogous to 
Coopera tivity Index 

n for SDS p for Cation 


Binding 

Constant, 


Reaction of BG Carbonium Ion 


[oh-] =0. 


010 M 


0.50 


8.90 X 10 


1.30 


0.75 


9.21 X 10 


0.90 


5.99 X 10 


Reaction of MG Carbonium Ion 




0.010 M 


0.40 


2.12 X 10 


1.18 


0.74 


8.24 X 10 


4.79 X 10 


3 


0.90 
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in the reaction system will have the effect of reducing the reac™ 
tant hydroxyl ion concentration in the vicinity of the micelles 
and vice versa. Tnus the micellar catalysis of alkaline fading 
reactions of bG , BG and MG' in presence of CTAB confirms to 
Scheme II. 2 described in Chapter II and it is shown below. 
(Scheme IV. 2) : 


Schem e IV. 2 



In this reaction scheme equilibrium binding constant of 

the substrate# R , with CTAB, represented by D , in presence of 
counter ion# P. , .•ind hydroxyl ion. is an ion exchange constant 
governing the concentrations of counter ion and the reactant in 
the vicinity of catalytic aggregates in relation to their concen- 
trations in the bulk of the solution. All other symbols used in 


:his reaction scheme have the same meaning as in Scheme IV. 1. 
according to Scheme II. 2 described in Chapter II the equation for 
;he observed first order rate constant# # 


may be written as 
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follows : 




w 




(cjP (Cqj^-)'-^ 




(C^)P (Coh-)5 




(4,4) 


The 'f in Equation (ii«.30 is a factor by v/hich bimolecular rate 
constant of the reaction of carbonium ions viz., SG'' , BG"^ and 
MG / with hydroxyl ion is altered in the micellar environment of 
CTAB, in comparison to the value of bimolecular rate constant in 
the absence of detergent in aqueous medium. 


'The method of analysis described in Chapter II for Scheme 

II. 2 was followed to determine the values of n, p, f.K and K ^ 

e b2 

corresponding to various counter ions in presence of CTAB for the 

4 ' 4 * 4 ' 

reaction of carbonium ions viz., SG , BG and MG with hydroxyl 
ion. These values are summarized in Table IV. 4. In Figs. IV. 2, 

IV, 3 and IV, 4 the theoretically generated plots of rate constant, 
k,_^ , counter ion concentration are shown along with the experi- 
mental points for corresponding anions for the alkaline fading 

.j«. -I* 

reaction of SG , BG and MG respectively in presence of CTAB. It 
was found that the theoretically generated curves, according to 
Equation 4,4, match with that of experimental one's within the 
range of + 10 per cent error. 

It may be noted from the results of analysis of kinetic data 
for micellar effects in presence of CTAB, summarized in Table IV. 4, 
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Table IV. 4 . Analysis of the effects of counter-ions on CTAB 
(pre) micelle-catalysed reactions of triphenyl- 
carboni\m ions with hydroxyl ion at 25°C 


SI. 

Mo. 

Counter 

ion 

No. (s) Analogous 
to Coope nativity 
Index 

n p 

Factor 

f .K 

e 

Binding 
constant , 

^2 



Reaction of SG"^ Carboninm 

Ion 




1. 

Cl" 

1.13 

1.96 

X 

10'^ 

3.52 

X 

10^ 

2. 

Br" 

1.45 

1.92 

X 

10^ 

9.97 

X 

10^ 



3.05 







3. 

N3" 

1.49 

1.80 

X 

10^ 

2.64 

X 

10^ 

4. 

NO3- 


1.54 

X 

lO*^ 

1.48 

X 

10^ 



Reaction of BG**" Garbonium 

Ion 




1. 

Ac 

0.16 

1.72 

X 

10^ 

5.12 

X 

10^ 

2. 

Cl" 

0.76 

1.47 

X 

10^ 

6.40 

X 

2 

10 



2.17 



4 



2 

3. 

NO3" 

0.76 

1.37 

X 

10 

7.54 

X 

10 

4. 

Br" 

0.77 

1.16 

X 

4 

10 

7.89 

X 

3 

lO'^ 


Reaction of Garbonium Ion 


1. 

Cl" 

0.37 

6.95 

X 

10^ 

5.93 

X 

10 

2. 

NO3 2 . 40 

0.37 

5.64 

X 

10^ 

1.41 

X 

10 

3. 

Br" 

0.48 

3.33 

X 

10^ 

1.12 

X 

10 
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that th© values of Kj ^2 and p incirease whereas the relative values 
of decrease vrith increasing sise and low charge density of 

the anions . 

IV. 5 DISCUSSION 

The analysis of micellar data for the reaction of carbonium 

. 4" “f" -f* 

ions VIZ./ SG , BG and MG with hydroxyl ion on the basis of 
Equations 4.1. and 4.2 gave excellent straight line plot (Fig. 

IV. 6 ) which demonstrates the validity of the formulation and 
applicability of model shown in Scheme IV. 1 for these reactions. 
The relative increase in the values of p and in presence of 
various counter ions in the order of their position in the lyotro- 
pic series (Table IV. 3 ) indicates that the counter ions do inter- 
act with the catalytic micelles and the interaction is stronger 
for large sized and low charge density ions. 

The effect of counter ions on the inhibition caused by the 
presence of SDS in the reaction system was studied in the range 
of concentration of detergent which corresponded to the saturation 
concentration in the rate vs surfactant concentration profile. 

Thus the replacement of the substrate, for which favourable elec- 
trostatic as well as hydrophobic interactions with the detergent 
exist, by hydrophilic cations is not possible. The concentration 
range in which the counter ion effects on these reactions in pre- 
sence of SD3 was examined was low enough to cause any changes in 
the aggregational properties of the detergent. Consequently, the 
:ontributions to the observed counter ion effects due to these 
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factors are ruled out. Thus, the neutralization of the surface 
charges of the catalytic micelles and the alteration in the ther- 
modynamic parameters of the reactions seem to be the factors res- 
ponsible for the observed micellar effects. The results that no 
counter ion effects are observed in case of reaction of SG' carbo- 
nium ion with hydroxyl ion in presence of SDS, which v;as studied 
at relatively higher reactant concentration, confirm this thesis. 
At high hydroxide concentration the sodium ions furnished by 
sodium hydroxide would neutralize almost completely the charges 
of the heads groups of catalytic micelles and a further addition 
of counter ion does not cause any change in the organization of 
catalytic micelles. Therefore, no effect was recorded as a func- 
tion of increasing counter ion concentration on this reaction in 
presence of SDS. 

The effect of SDS on the alkaline fading reaction of SG"^, 

-f- ' 

BG and MG"^ carbonium ions is explainable on the basis of the 
stabilisation of ground state of the reaction with respect to 
transition state, as a result of cornplexation of the substrate in 
presence of micelle-forming surfactant, and the non- approach abi- 
lity of rcrictant hydroxyl ion to the negatively charged catalytic 
micollc^s. The addition of counter ions to the reaction system 
results in the neutralization of the surface charges of the cata- 
lytic aggregates which in turn would destabilize the ground state 
of the reaction with respect to transition state as compared to 
situation when no counter ions were present in the reaction system. 
Further, this neutralization would relatively facilitate the 
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approach of reactant hydroxyl ion to the complexed carbonium ion 
resulting in the increased rate with increasing concentration of 
the counter ions. Therefore, the neutralization of the charges on 
the catalytic micelles and the changes in the thermodynamic para- 
meters of the reaction in presence of detergent and the salts are 
responsible factors for the observed micellar effects in presence 
of SDS. 

In case of the reaction of carbonium ions in presence of 
CTAB analyzed on the basis of Scheme IV. 2 the values of p, corres- 
ponding to coopera ti Vi ty index of anions, and ' ^he equili- 
brium binding constant increase whereas the value of f.K decreas- 

e 

es with increasing size and low charge density of counter ions. 

The trend in values of p and corresponding to various anions 
demonstrate that the counter ions do participate in the formation 
of catalytic micelles. The interaction of counter ions with the 
catalytic micelles will have the effect of neutralization of 
charges possessed by the head groups. Consequently, the ground 
state of the reaction will be relatively stabilized as compared 
to transition state of the reaction. This comparison is made in 
relation to the situation when no counter ions are present in the 
reaction syatern. The decrease in the value of ion exchange equi- 
librium constant, , with ions of increasing size and low charge 
iensity, according to Scheme IV. 2, indicates the lowering of hydro- 
cyl ion concentration in the vicinity of catalytic micelles - 

It may be pointed out that the addition of counter ions 
eutralizes the surface charges of catalytic micelles which in 
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turn stabilises the ground state of the reaction with respect to 
transition state compared to the situation when no added counter 
ions are present in the reaction system. In such a situation the 
value of f would decrease with respect to its value in the absence 
of any of the added counter ions at the same detergent concentra- 
tion, Thus the values of f as well as and therefore the value 
of the product should decrease with the increasing effective- 

ness of the counter ions in changing the extent of micellar cata- 
lysis in these reactions. 

The effect of counter ions on micellar catalysis can not 
necessarily be attributed to the replacement of the substrate 
from complexed phase to the aqueous bulk phase because the effect 
of counter ions in tViese reaction was studied at a concentration 
of CTAB which v^as much higher than the saturation concentration 
of the detergent in rate surfactant concentration profile 
(Fm 1) . Further the neutralization of the head groups charges 
by counter ion would reduce the unfavourable electrostatic inter- 
action and thus would enhance the binding between the substrate 
and the detergent. The contribution due to changes in the aggre- 
gational propt?rties of CTAB as a result of the addition of salts 
to reaction system may be considered insignificant since the con- 
centration of these salts in not varied to high concentrations. 

It is proper to mention here that (i) the values of n, 
corresponding to coopera tivity index of the detergent, are diffe- 

.4. ■ 

rent for the reaction of various substrates viz., SG , BG and 
ig"^ carbonium ion with reactant hydroxyl ion in presence of the 



same surfactant, CTAB, (n) 

in presence of CTAB co o - p for various anions 

tab corresponding to any of fho 

tions are di fferent; and (iff) ,,, / " consxdered reac- 

ions fn dffferent reactfon t- ^ ^ counter 

reaction systems vfz an-=i ■ 

of Sg"-, BG-" and SG-" . . '^l^^aline fading reaction 

ana SG carbonium ion^ 

* in piTGssncs of p^ap -i • 

.e.t. .hsse clea.X, 

catalytic Neelies formed by the parti ■ • 

trates in the micellar • ^^Pation of various subs- 

depree of i ■ — are different and that the 

n-atlon of catalytic micelles in presence f 
counter ions may not be constant. 
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CHAPTER V 


MICELI^xR EFFECT ON THE REACTION 
OF TRIPHENYLMETHYL CARBONIUM IONS 
VJITH HYDROXYL ION : INFLUENCE OF 

ORGANIC SOLVENTS AND TEMPERATURE 
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V. 1 ABSTRACT 

i-; general background is presented for the analysis and 
interpretation of micellar data for the effect of organic sol- 
vents on chemical reactions in vievv^ of the current thinking of 
the effect of organic solvents on chemical reactivity in solu- 
tion i*e., the effect of selective solvation and the accompanying 
motion of solvent molecules along with the reactants along the 
retie tion coordinates at the transition state. It is pointed out 
that effect of organic solvents on chemical reactions in presence 
of iTiic€^lle-f orming surfactants involve competing as ivell as com- 
pensating phenomenon. Thus either enhancement or the retarda- 
tion may result in the reaction rate upon the addition of organic 
solvents to r .action system containing micelle-forming surfactant. 

The r'ffoct of various organic solvents on the reaction of 
SG , BG and MG carbonium ions with hydroxyl ion in presence of 
SDS and CTA3 is reported. The values of activation parameters 
for -ithese reactions in absence of surfactant, in presence mice- 
llar environment of CTA3 and also that of SDS have been evaluated. 
It is point'ci out that the values of b S anri Z calculated in 
presc’nci' of 00:3 cc.)rrer7}:'Ond to lower limits and the values of these 
(pJanLi L it IS calculated in presence of CTAB correspond to upper 

limits or thest.? parameters. The values of in SDS and in CTAB 

c'orr'';;|.'otui to u[)p<.r end lov;er limits, respectively. 

^-^•2 IdTRODUCTI Od 

In the past few decades advances have been made in the 
field of oiicmical kinetics to such an extent that mechanistic 
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descriptions of many chemical reactions can be given in molecuar 
terms. As a consequence of very impressive amount of work carri- 
ed out in homogeneous medium the theories of reaction mechanism 
have provided considerable predictive pov;er.^’”'^ However, the 
ideas concerning solvent effects on reactivity have undergone 
drastic amendments since the proposal of the classical concept 
of solvent as a continuous dielectric medium. In spite of 
many recently proposed theories to explain effect of solvents, on 
reactivities in solution, which focus attention on some particu- 
lar aspects of solvents such as ionizing pov/er, viscosity, dipolar 
association or hydrogen bonding ability etc., there has been need ; 

of radical change to explain effect of solvents on chemical reac- 

10-15 , . . ! 

tivity. ' i^vidences have been accumulating over the years which 

indicate that the selective solvation of reactants and the motion 
of solvent molecules constitutes an important and integral part of | 

motion of the reacting species along the reaction coordinates at i 

14—19 

the transition state. ' This state of affairs is particularly ; 

true for ionic reactions. As a result of accompanying motion of 

solvent molecules the energy required to remove a solvent mole- [ 

culo from a reactive site to make space for an approaching react- | 

ant, or to D.'OX'ganize the solvent molecules as a function of the 

change in charge c.U stribution, may have a significant contribution 

15 . ' . 

to thv; activation energy in many reactions. Further, investi- 
gations have confirmed the following: (i) that the energy asso- 
ciated v/ith solvation is often large, especially for ions, (ii) 
that the solvation energy can be a major factor influencing the 
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transition state parameters and thus the reaction rates, (iii) 
that this solvation energy varies considerably from one solvent 
to another, (iv) that interactions of solutes v;ith solvents are 
often specific, not simply electrostatic and (v) that the effect 

of a solvent on various chemical reactions is distinct and 
different. 

It has been pointed out in Chapter I that the presence of 
micelle- forming surfactant in the reaction system has the effect 
of forming catalytically functional aggregates involving subs- 
trate, detergent, additive and/or the reactant species- In this 
process the activation parameters of the reaction and the concen- 
tre Lion of reactants at the reaction sites in micellar environ- 
ment are rnodii. Lr'd. Folloxving the concept that micelles in aque- 
ous rnodiutn, formed as a result of association of pure surfactant 
vintititis, may be modified in structure or destroyed finally by 
the addition of organic additives to the micellar system, it may 
be argued that the addition of organic solvents to a reaction 
system containing catalj/tic micelles may result in the altera- 
tion of thi! comi^osition and/or ultimate destruction of these 
cat.ilylic . r.j.-ircgates. 

In view 1 *t the pr'-;ceding discussion it may be concluded 
thijt th*-’ ov<*raLl <.‘ffect of solvents on reaction rate in presence 
of: m Let.' il'*'-- J.onaing surfactant, involve completitive as well as 
compensative phenomenon. Thus the addition of organic solvents 
to reaction system, ccjntaining micelle-forming surfactant, may 
result in cither retardation or enhancement of the micellar 
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effects on the reaction rate. 

Effect of organic solvents on chemical reactions in the 
micellar environment is relatively an unexplored area. One of the 
paramount tasks before attempting to distinguish among various 
factors# which control the effect of organic solvents on reaction 
rates, in presence of micelle-forming surfactants, is careful 
collection of experimental data for these effects. Since the 
perturbation of activation parameters of chemical reactions is 
the common feature of both micellar as well as that of solvent 
effects, the evaluation of these parameters in presence of sol- 
vents and also in micellar environment seems to be an utiuost 
nc;cc3sity for the meaningful inter]oretation of solvent effects 
on r’lH.uaical re-tctions, in presence of micelle-forming surfactcints. 

79 

Bunton and Robinson ' ' have studied cetyl trimethylarmaonium 
bromide (CTAB) catalysed reaction of 2, 4-dinitrochlorobenzene 
with hydroxyl ion in ethanol-water and a t-butanol-v/ater mixtures. 
Further studies on the effect of organic solvents on this react- 

73 

ion in pr'*-sr.'nce of CTAB v/ere carried out by Blandamer and Reid."' 
Dunlop and Cordc.'s" have r .T'Orted the effect of concentration of 
moiioiiydric' ultxtiois vi;-.., ethanol, 1-butanol and 1-heptanol and 
that ol d i mi-'tliy Ldo<ieCYl I’hospViine on the acidic hydrolysis of 
medhyl or l.holx 'nuoate in presence of sodium dodecyl sulfate (SDS) . 
Api.dicaKili ty ol Arrhenius equation and the evaluation of activa- 
tion p“!ramGtfr for chemical reactions is also reported in the 
77-33 

literature. ' ‘ 
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In this chapter the effect of organic solvents on the reac- 
tion of triphenylmethyl carboniim ions viz., setoglaucine (SG"’ ) , 
brilliant green (BG ' } and malachite green (MG''") xvith hydroxyl 
ion in presence or 3DS as v;ell as that of CTAB is reported. The 
thermodynamic activation parameters for these reactions in acjiie— 

ous medium and also in various solvent— water mixtures are availa- 

19 21 

ble in the literature. ' The values of these parameters in 
prescince of CTAB and SDS for these reactions have also been eva- 
luated and are being reported here. 


V . 3 EXPERIHSMTAL SSCTIO P 
V.3.1 dcthod 

All the studies were performed at 25 + 0.1°C follov/ing the 
proorvlur' • df.-scrih'f 'cj in Chapter III. 

V . 3 . 2 Roiggent s 

The solvents viz., acetone, ethanol, n-propanol, n-butanol, 

n-hcxane and ethylene glycol v;ere 3DH AnalaR grade chemicals and 

v/erc' jruriL'i«-;d l;urth<:-r before use following the standard proce- 

34 

(Jure;: Hi ‘ncril.-’ "J in literataire. ' I-urity of other chemicals used 
in the:;e rdudif*:: vr-us ns described earlier. 

V,4 RESULTS 

V . 4 , 1 EfCwc b of Orgardc Solvents on SDS Inhibited Reaction of 
Tri phenyl inethyl Carbonium Ions with Hydroxy f Ion 

The influence of organic solvents on the SDS inhibited 

^ “I*. 

reaction of triphenylmethyl carbonium ions viz., SG , EG and 
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* 4 " 

MG was examined at fixed concentrations of detergent, reactant 
and substrate by varying the concentrations of organic solvents 
in the reaction system. The studies were performed at concentra- 
tion of SDS which corresponded to saturation concentration in the 
rate vs surfactant concentration profile. 

a. Alkaline fading reaction of SG carbonium ion - The effect of 
organic solvents viz., acetone, ethanol, n-propanol and n-butanol 

4 - 

on the SDS inhibited alkaline fading reaction of SG carbonium 
ion V7as studied by adding varying amount of organic solvent in 
the reaction system at fixed concentrations of surfactant (0.005M), 

_5 

substrate (1.2 x 10 M) and reactant hydroxyl ion (0.20 M) . It 
may be noted from the kinetic data summarized in Table V.l that 
the increasing amount of solvent reduces the overall inhibition 
of the reaction caused by the presence of SDS in the reaction 
system. 

b. Alkaline fading reaction of BG ‘ carbonium io n- The effect of 

various organic solvents viz., acetone, ethanol, n~propanol, 

n-butanol, dioxane and ethylene glycol was examined on the reac- 

tion of BG carbonium ion with hydroxyl ion by keeping the con- 

% 

centrations of SDS (0.005 M) , reactant (O.O05M) and substrate 
(1.2 X lO”^ M) fixed and varying the solvent percentage in the 
reaction system. The values of rate constant as a function of 
the concentration of organic solvents in the reaction system are 
summarized in Table V.l. The effect, is also shovjn in Fig. V.l. 

c. Alkaline fading reaction of MG'"' carbonium ion- The investigation 



Table V.l . The values of pseudo first order rate constant for 


the effect of organic solvents 
alkaline fa.ding reaction of SG 
ium ions at 25 *^0. 

M; l^ubstrat^ = 


on the SDS inhibited 
BG‘ and MG"*” carbon- 

1.2 x 10“^ M 


SI. 

Solvent (%) 

First order rate constant kipx 10^ min~^,for 
the fading reaction of carloonium ions. 

ho. 

Hh 

SG 

(oHll =0.2 M 

“f” *4" 

3G MG 

(oh'^J =0.005M [oH^ =0.01 M 

1 

2 

3 

4 5 



Acetone 


1- 

0 

1.07 

0.36 l.Ol 

2. 

2 


0.43 1.33 

3- 

2.5 

1.60 


4- 

4.0 


0.55 1.69 

5. 

5.0 

2. 13 


6. 

C5 • 0 


0.73 2.21 

7. 

7.5 

2.53 


S. 

8.0 


1.14 , 3.13 

9. 

10.0 

3.28 

3.01 5.20 

10. 

12.5 

3.09 


11. 

15.0 

5.70 


12. 

20.0 

12.89 




Ethanol 


1 * 

1.0 

1.32 


2. 

2.0 

1.50 

0.44 1,24 

3. 

3.0 

1.78 


4 . 

4.0 

3.22 

0.53 1.35 

5 . 

5.0 

3. 34 


6. 

6.0 


0.67 1.83 

7. 

8.0 

0 

0.86 1.96 

8. 

10.0 

4.38 

1.11 2.30 

9. 

12.5 



10. 

15.0 

9.56 


11. 

2'hO 

13.82 


’ ' ■ ■ ■ , . ■.contd. 
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Table V. 1 (contd.) 


1 

2 " ^ 

3 

■— i 

5 



n-Propanol 



1. 

2.0 

1.90 

0.52 

1.30 

2. 

4.0 

2.59 

0.80 

1.63 

3. 

6.0 

4. 15 

1. 10 

2.28 

4. 

8.0 


1.74 

3.29 

5. 

10.0 

9.05 

2.80 

5.07 

6. 

15.0 

28.78 





n-Butanol 



1. 

0.5 

i.61 



2. 

1,0 

2.13 

0.84 

1.56 

3- 

1.5 


1.36 

2. 16 

4. 

2.0 

3.51 

2.41 

2.63 

5. 

3.0 

5.64 


4.53 

6. 

4.0 


3.93 

7.74 

7. 

5.0 

12,23 

6.75 




Dioxane 



1. 

2.0 


0.50 

1.25 

2. 

4.0 


0.65 

1.54 

3. 

6.0 


0.83 

1.90 

4. 

8.0 


1.06 

2.58 

5. 

10.0 


1.54 

4.49 



ethylene Glycol 



1* 

2.0 


0.40 

1.37 

2 . 

*1 . 0 


0.45 

1.69 

3. 

6.0 


0.61 

2.08 

4 ^ 

8 . 0 


0.74 

2.29 

5 • 

10.0 


0,98 

2.88 


t 

I 



to’ X [Solvent] M 

Fig.V’.l Variation pseudo first order rate constant as a function, of 
added organic solvent concentration on SOS inhibited alkaline 
fading reaction of BG'*' Carbonium ion with hydroxyt ion 
at 25®C. 
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on the effect of organic solvents on the reaction of MG'*' carbon- 
ium ion \^ith hydroxyl ion in presence of SDS was done at fixed 
concentration of detergent (0.005 M) , reactant (0.01 M) and the 
substrate (1.2 x 10 “ M) by varying concentration of various 
solvents in the reaction system. The kinetic data for this 
effect are summarized in Table V.l and also exhibited in Fig.V.2. 

Gsnstal features of the effect of organic solvents on SDS 
inhibited alkaline fading reaction of triphenylmethyl carbonium 
ions - It may be observed from the kinetic data recorded in 
Table V.l and Figs. V.l and V.2 that the increasing concentra- 
tion of orgcUiic solvents in the reaction system containing SDS 
results in the marked reduction of overall micellar inhibition 
of tJi'.isr! reactions. Ftirther, the effectiveness of alcohols 
increar.t-s v.’itVi the increasing carbon chain length of the mole- 
cules. The capability of solvents to decrease the micellar inhi- 
bition of these reactions in presence of SDS was found in the 
following increasing order: 

F. thy It uif ■ 'ilycul <^E thanol <(^AGOtone <^Dioxane<(^n-Propanol<^ n~Butanol . 

V . 4 . T; '■b f I .»{. C J rga ; lic Solvcints on CTAD Catalysed Reaction of 
Tr i.p.ht ■nylm^’^tJiyrilT'fbonium Ion with Hydroxyl Ion 

'lilt' effect c>.i various organic solvents viz., ethanol, 
n-crcp.uiol, c!t:i,-tone, nnd ethylene glycol on the CTAB catalysed 
alk.aliiu: f.HUng reaction of SG'*', BG’*' and MG’*' carboniuia ions was 
investigated by keeping the concentrations of detergent, reactant 
and the stabs tre to constant and varying solvent concentration in 


. UlUJ < V A# 



to ^ X [Solvent] , M 


Fig. 1.2 The effect of organic solvents on the alkaline fading reacfioij 
of MG'*J Carbonium ion in presence of SDS at 25° C. 
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the reaction system. The concentration of the detergent was 
selected such that it corresponded to the saturation concentra— 
tion of CTAB in the rate vs surfactant concentration profile for 
these reactions. 

4 - 

Reaction of SG carbonium ion vjith hydroxyl ion - The effect 
of organic solvents vis., acetone, ethanol, n-propanol and ethy- 
lene glycol on the all-caline fading reaction of SG*^ carbonium ion 
in presence of CTAts v/as studied at fixed concentrations of deter- 
gent (0.02 M), substrate (1.8 x 10 ^ M) and the reactant. The 
hydroicyl ion concentration for the” investigation on the effects 
of acetone, etlianol and n~propanol was kept 0.01 M and for the 
effect of ethyl(niv.‘ glycol was maintained 0.001 M. The kinetic 
data for ttvT.ri of loots are summarized in Table V. 2 and are also 
shown in Fig. V,3. 

b. Reaction of BG carbonium ion with hydroxyl ion - The studies 
of the effect of organic solvents on the alkaline fading reaction 
of BG cnrboniuin in presence of CTAB were carried out at fixed 
concontrntion;; of detorgont (0,02 M) , substrate (1.8x10 M) and 
the hydroxyl The; hydroxyl ion concentration was kept O.OOIM 

in f’.nv ol .u'ol-.onn and n-firopyl alcohol and 0.0005 H in case of 
ethyl .'■icohol. 'P.n valut'xs of first order rate constant for the 
of.feot: J' 'scril'' -d, .ire summarized in Table V. 2. 

Reac:tlon of carbonium ion v?ith hydroxyl ion - The effect 

of or^innic solvents viz., acetone, ethyl alcohol and ethylene 
glycol on tht? reaction of MG''" carbonium ion and hydroxyl ion was 
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Table 


.V» 2 . Effect of OrfY;=im'r^ 

reaction of SG"^ BG"^ alkaline fading 

presence of CTAB at 25°c ^aj^tionium ions in 


[Stab;] = 0.02 m, ^ubstrat?] = i.a x 


lo""^ M 


Solvent 10 ^ ndn'l 

-Sg^he reaotion of io„. 


% (v/v) 


mg' 




• - St 

Acetone 

5 



[o^ij =0.01 M 

(oH^ =0.001 M 

0H“~| =0.001 M 

1. 

0 

1.5 

13.44 

8,69 

2. 

2.0 


12.56 


3. 

2.5 

0.88 


7.24 

4. 

4.0 


9.84 


5, 

5,0 

0.61 


4*68 

6. 

6.0 


77.52 


7. 

7.5 

0.42 


3.06 

8. 

8.0 


6.79 


9. 

10.0 

0.31 

5.72 

2.49 

10. 

12.5 

0.23 



11. 

15.0 

0.17 


1.61 

12. 

17.5 

0,13 



13. 

20.0 

0.10 



— 

— 






Ethanol 




=0.01 M 

[pH~l =0.0005 M 

onf] =0.0002 M 

1. 

0 

1.152 

13,44 

4.42 

2. 

2.0 


13.47 

3.87 


contd 
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Table V. 2 (contd.') 
~1 ”1 ■ 


3. 

2.5 

1.113 


4. 

4.0 


13.34 2.83 

5. 

5.0 

1.005 


6 m 

6.0 


2.04 

7. 

7.5 

0,933 


8. 

8.0 


«.31 1.45 

9. 

10.0 

0.800 

11.17 1.31 

10. 

12.5 

0.674 


11. 

15.0 

0.514 


12. 

17.5 

0.451 


13. 

20,0 

0.397 








n-Propanol 




[oh“]] =0.01 M 

=0.001 M 

1. 

0 

1.152 

13.44 

2. 

2.0 


13.54 

3. 

2* 5 

0.829 


4 . 

4.0 


12.80 

5, 

5.0 

0.507 


6 . 

6.0 


11.29 

7. 

7.5 

0.421 


8. 

8.0 


8.45 

9. 

10.0 

0.317 

7.79 


• • » con tdi 
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Table V«2 (contd.) 


i 

2 

3 

4 

5 

10. 

12.5 

0.245 



11. 

15.0 

0.157 



12. 

20.0 

0.259 





Ethylene Glycol 




0H“J =0.001 M 

[_0H^ =0.0002 M 

f =0.0001 M 

1. 

0 

1.975 

- 

2.20 

2. 

1.0 

2,390 


2.46 

3. 

2.0 

2.965 


2.72 

4. 

3.0 

3.050 


. 3,87 

5. 

4,0 

3.715 


5,01 

6. 

5.0 

4.944 


5.93 

7. 

7.0 



5.15 

8. 

7.5 

4.567 



9. 

8.5 

3.253 



10. 

30,0 

3.368 


3,38 

11, 

15.0 

3.023 



12. 

20.0 

2.706 





Fig.TT. 3 Solvents effect on micellar catalysis of C TAB on the 

reaction of SG\B6^and MG^carbonium ions with hydroxyl 
ion at 25°C. 
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investigated at fixed concentration of CTAB (0,02 M) , substrate 
(1.8 X 10 M) and the reactant. The concentration of hydroxyl 
ion v;as maintained 0.0002 M for ethanol, 0.001 M for acetone and 
0.0001 M for ethylene glyclol. The values of rate constant in ' 
presence of various concentration of organic solvents are summa- 
rized in Table V.2 and also shown in Fig. V.4. 

fea tures of the effect of organic solvents on CTAB 
catalysed alkaline fading reactions of triphenylmethyl carbonium 
ion - It may be noted from the data summarized in Table V. 2 and 
also shov/n in Fig V.3 and V.4 that ethyl alcohol, n-propyl 
alcohol and acetone have the effect of reducing the micellar 
catalysis of t>ie r ..action of triphenylmethyl carbonium ions with 
hyrlroxyl i.on c%-iust.‘d by the presence of CTAB in the reaction system. 
Propyl alcohol is more effective in reducing the overall cataly- ' 
sis of these reactions as compared to that of ethyl alcohol. Ethy- 
lene glycol exhibits anomalous effect e.y. , increasing concentra- 
tion of ethylc?nc glycol in the reaction system in the beginning 
results in the enhancement of the catalysis and a further increase 
in the ci'iiooni.r.. t.ion of this solvent has the effect of diminish- 
inq th'* y. due o1 r. :t.<' constant after passing through a maximium 
value;:. 


V, 4 . 3 E i f < ■(.: t <,) f Tt.Mnpera ture on SD S In hibited Re a ction of Tri- 
pht'nvi~iiT.:bliyl Carbonium Ions with" Hydroxyl ion 

In order to obtain the valties of activation parameters of 

the reaction of triphenylmethyl carbonium ions with hydroxyl ion 



UfUJ X 01 



X Solvent] , M 


Ftg.¥:4 The effect of organic solvents on the micellar catalysis of 
of CTAB for the alkaline fading reaction of MG'*' Carbonium 
ion at 25®C. 
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in the micellar environment the effect of temperature on these 
reactions was studied. The investigations were carried out by 
determining the values of rate constant at different tempera — 
tures at fixed concentrations of detergent, substrate and the 
reactant. 

a* Reaction of SG"* carbonium ion with hvdroxvl ion- The effect 
of on the alkaline fading reaction of SG*^ carbonium 

was studied by measuring the value of rate constant at 25°C, SO'^C, 
35 C and 40 C at fixed concentration of detergent (0.005 M) , subs- 
trate (1.2 x 10 ~ M) and the reactant (0.1 M) . The values of 
rate constant at different temperatures for this reaction in 
presence of SDS ara summarized in Table V.3, 

“I** 

Reno ta o n ot liG ca rbonium ion v/lth hydroxyl ion- The effect 
of; temperature on the alkaline fading reaction of BG"^ carbonium 

ion in presence of SDS was examined at fixed concentrations of 

—5 

detergent (0.005 M) substrate (1.2 x 10 M) and the reactant 
(0.01 M) at four different temperatures viz., 25°C, 30“C, 35°C 
and 40 "C. The kinetic parameters for the effect of temperature 
r.nmmar ixrd In TaLli^ V, 3 . 

c. Rt act. ion nf Mof cur!>onium ion with hydroxyl ion - The influ- 
once of temp' 'rature on the reaction of MG caroonium ion with 
hydroxyl ion in presence of SDS was investigated by finding the 
values oi- first o.rder rate constant at four different tempera- 
tures viz., 25"'C, 30“C, 35®C and 40®C at fixed concentrations of 
detergent (0,005 M) substrate (1.2 x lO’"^ M) and the reactant 
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Table y . 3 . The values of first order rate constant as a function 

of temperature for the alkaline fading reaction of SG*", 
BG and MG carbonium ions. 


Si . 
No. 

Tempe- 

rature 

First order rate constant. 

. -1 . ~ 
min 



In Presence of 0.02 M CTAB 



1 

xlO"^ M 

[bg'‘']= 1.8 xio"^ M 

[mg5 =1.8x10"^; 



jOI-rl =0.001 M 

|oh“] = 0.0001 M 

[oH^l =0.0001 M 

1. 

20®C 

4.54 X lO"^ 

7.77 X 10"^ 

1.46 X 10~^ 

2- 

25®C 

6.04 X 10“^ 

10.02 X lO"^ 

3.33 X 10"^ ! 

3. 

SO^C 

8.03 X 10~^ 

12.82 X 10“^ 

4,51 X lO"^ 1 

4. 

35°C 

10.67 X 10“^' 

16.46 X 10"^ 

6.07 X lO"^ 

5. 

40 “C 



8.05 X 10”^ 



In Absence of Surfactant 




[sg"^ =1.4 xio"^ M 1 

BG‘^J=1.4 xlO"^ M 

[mG^ =1.4 xio”^ K 



joii^ = 0.01 M 1 

OH"^ =0.00 2 M 

[OH^ =0.001 M 

1. 

20®C 

3.21 X 10“^ 



2. 

25°C 

4.61 X lO"^ 

5.86 X 10 ^ 

6.47 X lO"^ 

3. 

30®C 

6.63 X 10“^ 

11-92 X 10~^ 

9.61 X 10“^ I 

4 * 

35®C 

9.49 X 10"^ 

16.82 X 10“^ 

14.26 X 10“^ 1 

5. 

40 °C 

13.18 X lO"^ 

23.06 X 10“^ 

30.45 X 10“^ 



In Presence of 0.005 M SDS 




_SG J =1.2 xlO"'”'' M 

[bG^ =1. 2 xl0“^ M 

[mg 5 =1. 2 X lO”^ 1 




[OH^ = O.OIM 

[oh3 = O.OIM 

1. 

25 °C 

3,21 X 10“^ 

6.60 X 10“^ 

10.10 X 10“^ 

2. 

30^C 

5.13 X 10“^ 

10.34 X 10“^ 

16.64 X 10“^ 

3. 

35°C 

8,13 X 10~^ 

16.09 X 10“^ 

27.16 X lO”^- 

4. 

40*0 

12,56 X 10 ^ 

24.40 X lO”^ 

43. 14 X 10~ 
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(0.01 M) . The values of first order rate constant at different 
temperatures for this reaction system are summarized in Table V.3. 

d.* GgQsral features of the effect of temperature on the re ac tion 
Q.f -.JlgiPjO -glg carbonium ions with hydroxyl ion in presence 

of SD3 - The value of the rate constant for the reaction of tri- 
phenylrnethyl carbonium ions with hydroxyl ion in presence of SDS 
increases vjith increasing temperature of the reaction system. The 
plot of logarithm of rate constant ys inverse of absolute tempe- 
rature gives straight line exhibiting the applicability of Arrhe- : 
nius law for these reoctions in the micellar environment of SDS. 

4 - 

One such lot for the reaction of SG ' carbonium ion with hydroxyl; 
ion is shovm in Fig. V,5. ; 

V. 4 . 4 '''if. f oo t' oi Te mperature on CTAB Catalysed Reactio n of Tri- 

phc niylnu iiiy l C arbonium Ions with Hydroxyl Ion 

The effect of temperature on the allcaline fading reaction ; 
of tri phony Irne thy 1 carbonium ions v/ith hydroxyl ion was studied 
by recording the values of rate constant for 'these reactions at 
different temperatures at fixed concentrations of detergent subs- 
trate end ih" reactant. The valiies of rate constant for these 
rfMCtli')ns in t .res' -ncf’ of CTAh as a function of temperature are j 
sunun,jrlr;(., i in Tabic V. 3. | 

si* alkali tv f-idinq n'M ction of SG carbonium ion- The effect of i 
tc^mperatit ro on thr* CTA3 catalysed reaction of SG catrbonium ion j 
v'ith hydroxyl ion w; n studied at fixed concentrations of deterger 
(0.02 M) substrate (1.8 x 10~^ M) and the reactant (0t(>01 M) by } 



2 + log k 



Fig.li-.S A 
pi 
pi 


0 
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recording the values of first order rate constant at different 
temperatures viz., 20°C, 25®C, 30°C and 35°C (Table V.3). 

Alkaline fading reaction of BG ' c ar bonium ion - The effect of 
temperature on the alkaline fading reaction of BG carbonium ion 
in presence of CTAB was investigated by recording the values of 
first order rate constant at fixed concentrations of surfactant 
(0,02 M) substrate (1.8 x 10 ^ M) and the reactant (0^K)01 M) at 
temperatures 15°C, 20°C, 25“C and 30°C (Table V.3). 

-I, 

c. Alkaline fading reaction of MG ' carb on ium ion- The effect of 
temperature on the alkaline fading reaction of MG' carbonium, ion 
in presence of CTAB was studied by finding the first order rate 
constant at temperatures 15°C, 20°C, 25°C and 30°C at fixed con- 

_5 

centra tions of detergent (0.02 M) substrate (1,8 x 10 M) and 
the reactant (0*0001 M) . The kinetic data are summarized in Table V.3. 

• General features of the effect o f temperature on the reactio n 
o f triphenylmethyl carbonium ions with hydroxyl ion in presence 
of CTAB - It has been observed that the plot of log k ys 1/T for 
these reactions in presence of CTAB gives straight line which 
demonstrates the applicability of Arrhenius eqiaation for the 
evaluation of thermodynamic parameters of these reactions in the 
micellar environment. 

V.5 DISCUSSION 

There are several factors vjhich might contribute to the 
observed influence of organic solvents in altering the overall 
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9 4 

micellar effects on the chemical reactions. Bruice and Cordes 
have interpretated the effect of alcohols viz., ethanol, 1-buta- 
nil, 1-heptanol and 1-decanol on the reaction of methyl ortho- 
benzoate in presence of SDS by considering following factors: 

(i) replacement of substrate, methyl orthobenzoate, from the 
micellar phase by alcohol molecules; (ii) changed in the aggre- 
gational properties of the detergent and (iii) modification in 
the electrostatic stabilization of transition state of the react- 
ion. Various factors, for assigning realtive weightage to them, 

2A 

could not be distinguished by these authors. " Blandamer and 
23 

Reid in addition to above mentioned factors also considered the 
destabilization of hydroxyl ions as a contributoiry factor to 
explain the micellar effects on the reaction betv/een hydroxyl ion 
and 2, 4-dinitrochlorobenzene in presence of CTAB. It is now pro- 
posed that following factors might also be playing an important 
role in modifying the overall micellar effects on the reaction 
rates in presence of micelle forming surfactants viz., (i) subs- 
tantial reorganization in the structure of catalytic micelles as 
a result of the changes in the aggregational properties of the 
detergent and the substrate and the participation of solvent mole- 
cules in the formation of altogether new aggregates which may have 
different catalytic efficiency, (ii) Complete destruction of cata- 
lytic micelles, (iii) Changes in the thermodynamic parameters of 
the reaction in presence of surfactant and the solvent, (iv) Change 
in the activity of water in presence of solvent in micellar envir- 
onment and (v) Solute-solvent interactions in micellar and the 
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motion of solvent molecules along v/ith reactants along the react- 
ion coordinates as also in agueous media. ^ Under specified reac- 
tion conditions some of the considered factors may be eliminated 
as non-contributory- towards overall observed effects. 

At low percentage of solvents viz., acetone, dioxane and 
alcohols except methyl alcohol in the reaction system the react- 
ion of triphenylmethyl carbonium ions viz., SG"^ (see Appendix l) , 

' 4 * , , ' 

BG and MG with hydroxyl ion is retarded with increasing solvent 
19 20 

concentration. * However, in the micellar environment of SDS, 
the increasing concentration of all the nonaqueous solvents in 
the reaction system decreased the extent of micellar inhibition 
i.e., increase in the reaction rate is observed (Table V.l). Consequ- 
ently/, these oljservations clearly eliminates the replacement of 
substrate from complexed phase to the free bulk phase as the con- 
tributory factor towards the observed solvent effects in reducing 
inhibitory effects of SDS micelles on these reactions. Complete 
destruction of catalytic micelles in presence of solvents in the 
reaction system may/ also be ruled out for the reason that elec- 
trostatic as well as hydrophobic interactions will continue to 
exist in the reaction system. It appears more probable that the 
complete reorganization in the structure of catalytic micelles 
would take place. In the formation of new aggregates substrate, 
detergent, solvent molecules counter ions and/or reactant species 
would participate. Thus the reorganization of the concentrations 
of the reactants at reaction site in presence of solvent and the 
changes in the thermodynamic parameters of the reactions may be 



contributory factors towards the solvents effect in diminishing 
SDS inhibition of these reactions. Breaking of water stiructure 
and the consequent destabilisation of hydroxyl ions may be 
another factor contributing towards overall effects in presence 
of solvents. 

Micellar catalysis of triphenylmethyl carbonium ions with 
hydroxyl ion in presence of CTAB is reduced upon the introduction 
of ethanol, butanol and acetone in the reaction system (Table V.2, 
and Figs. V,3 and V.4). These results are in agreement with the 
finding of other authors. Ethylene glycol in the beginning 

enhances the micellar catalysis further and then reduces it with 
with increasing solvent concentration. These results can also 
be rationalized by assuming the participation of solvent mole- 
cules in reorganizing the structure of catalytic micelles. As a 
result of this reorganization, the concentrations of reactants at 
reaction sites would change and the thermodynamic parameters of 
the reactions would be perturbed. 

The effect of ethylene glycol on the above CTAB catalysed 
reactions could be rationalized as follows: It low concentra- 
tions of ethylene glycol, in the absence of CTAB, the rate of 
reaction of triphenylmethyl carbonium ion is enhanced with increa- 
sing solvent concentration (see Appendix I) . The pK value of 

*3 CZ. 

ethylene glycol is high' and thus the possibility of introduc- 
tion of a new reaction path is excluded to explain such anoma- 
lous effects of this solvent. These results are explainable if 
v;e consider the destabilization of hydroxyl ions in presence of 
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solvent and the motion of solvent molecules along with reactants 
along the reaction coordinates. These effects are possibly 
further enhanced in presence of Ctab and thus one observes the 
enhancement in micellar effects of CTAB on these reactions in 
presence of ethylene glycol. At higher solvent concentration 

PD pi 

destruction of catalytic micelles ' might be a contributory 
factor to the observed decrease in micellar effects. 

Inspection of the data concerning the activation parameters 
of these reactions (Table V. 4) shows that the. activation energy 
for the reaction of SG"^ in carbonium ion with hydroxyl ion in the 
absence of detergents in aqueous medium is 13.13 kcal. In presence 
of SDS and CTAB separately activation charged to 17.04 and 10.36 
kcal respectively. Similarly for BG and MG carbonium ions the 
value of activation energy showed an increase in presence of SDS 
and a decrease in presence of CTAB. In general, the values of 
activation energies in aqueous medium in the absence of detergents 
and in the presence of CTAB and SDS could be arranged in the foll- 
owing order: 

CTAB^" Aqueous medium <C SDS 

The entropy of activation in presence of CTAB, SDS and also in 
abvSc;nce of detergents for these reactions is negative. This 
demonstrates tViat the reactions are ionic in character in aqueous 
as v.'ell as in the micellar environments. ' Further, it may be 

observed that the magnitudes of negative activation entropy is in 
the order; 

CTAB <(1^ Aqueous media <(^SDS 
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V . 4 . The values of thermodynamic quantities of activation 
for the reaction of triphenylmethyl carbonium ions 
with hydroxyl ion at 25°C. 


SI. 

Activation 

The Reaction of hydroxyl 

ion with 

No. 

parameter 

SG"^ ion 

Bg"^ ion 

MG’^ ion 


In Presence of 0.02 M CTAB 


1. 

(kcal mol ) 

10.36 

9.05 

11.04 

2. 

~ 1 —1 

(l.mol sec ) 

3.53xlo'^ 

3.44x10® 

1.10x10® 

3. 

-1 

(kcal K mol ) 

-25.70 

-21.76 

23.89 

4. 

Ph'" -1 

(kcai mol ) 

24.08 

11.51 

9.41 

5. 

(kcal^K"^mol"^) 

17.42 

20.24 

16.53 



In Absence 

of Surfacant 


1. 

A-E^ _l 

(kcal mol~ ) 

13.13 

12.33 

14.40 

2. 

-1 

(l.mol sec ) 

2.42x10® 

6.63x10® 

6.07x10^® 

3. 

-1 

(kcal K mol ) 

-21.86 

-20.26 

-11.27 

4. 

¥’ 

(kcal rnol" ) 

20.21 

11.93 

13.80 

5. 

1 

(kcal K”'^mol"' ) 

13.70 

In Presence 

18.27 

of 0.005 M SDS 

17.16 

1. 

2. 

Ae^ _i 

(kcal mol ') 

z 

(l.mol*”^Gec~^) 

17.04 

2.24x10® 

16.35 

3.57x10® 

18.15 

5.70x10^^ 

3. 

-1 

(kcal K mol ) 

-17.86 

-15.09 

-6.79 

4. 

_ 

(kcal mol ) 

27.09 

10.45 

17.56 

5. 

Apf. 

(kcal K mol ) 

21.77 

14.94 

19.58 
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This shows that charge difference between reactants in presence 
of CTAB is highest and that in SDS is lowest, or in other words 
association of triphenylmethyl carbonium ions in CTAB, in some 
way, increases the overall positive charge whereas SDS reduces 
this charge upon complexation. 

However, it should be pointed out that the determination 
of 4 S and A.F^ in micellar environment requires the values of 
bimolecular rate constant in the same media; which in turn 
requires the exact hydroxyl ion concentration around catalytic 
micelles. Thus the values ofH^ and which have been calcu- 
lated are either upper or lower limits of these quantities. In 
presence of SDS the overall hydroxyl ion concentration will be 
smaller than that reacting around catalytic aggregates thus the 
value of bimolecular rate constant would be larger than that used. 
Thiis A S^and Z so calculated are the lower limits of this quan- 
tities in presence of SDS. Similarly in presence of CTAB the 
values reported for these quantities correspond to upper limits 
of these parameters. The values of A in SDS and in CTAB corres- 
pond to upper and lower limits, respectively. 
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CHAPTER VI 


ANALYSIS OF DATA CONCERNING MICELLAR 
EFFECTS ON CHEMICAL REACTIONS AVAILABLE 
IN THE LITERATURE 
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VI. 1 ABSTRACT 

The equations and methods developed in Chapter II have been 
applied for the analysis of data, concerning micellar influence on 
reactions, available in the literature. It is concluded that 
(i) the substrate plays a significant role in determining the 
nature and composition of catalytic aggregates which are formed 
in the reaction system; (ii) the addition of counter ions to the 
reaction system does not necessarily results in the replacement 
of the substrate from complexed phase to that of aqueous bulk 
phase; (iii) alteration in the reactant concentration in the 
vicinity of catalytic micelles and change in thermodynamic para- 
meters of the reaction are the factors responsible - for observed 
micellar i.e,, detergent and also counter ion, effects; (iv) the 
value of the degree of counter ion ionization of the catalytic 
aggregates in presence of various counter ions may not be same 
and this difference is probably responsible for the relative diffe- 
rence in their effectiveness to different extent, (v) the relative 
values of the factor ss postulated in Chapter II could be 

taken as the measure of the effectiveness of counter ions in 
altering overall micellar influence on chemical reactions and 
(vi) the counter ion in the order of their effectiveness may be 
arranged as follows: 

Cations : Li'^<^Ni K'*'<^Rb'^<Ccs'^ 

: P“<^CH2S0^"<^Cl“<^Br“<^N02”</ N2“<^0 Ts“ . 


Anions 



VI. 2 lUTRODUCTIOM 
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The optimism that the reaction catalysed by micelle-forming 
suifciC tents could serve as valuable analogues for the study of 
microenvironmental factors vj-hich affect the high efficiency of 
cheriiical transformations in the biological realm and subsequent 
efforts to develop such biochemical model systems witnessed, care- 
ful accumulation of experimental data concerning micellar effscts 
on a large variety of chemical reactions. Several attempts 
which have been made so far for the quantitative analysis and 
inti'rp rotation of kinetic data for micellar effects on chemical 
ri.nctions presume that the micellar properties of the surfactants 
remain unaltered in presence of substrate, reactant, and electro- 
lyti.Ti/Imjfl ors in thc 2 reaction system.. Investigations have 

also carried oirt to determine the fundamental micellar pro- 

i.H.‘rtic!S such ns size, shape, stability, counter ion binding, subs- 
trate location, and micropolarity in the stern layer and micellar 
core in order to supplement the necessary data required by these 
theories. However, an experience reveals that tlie nature . 

and the extent of overall micellar influence on the reactions, at 
.least;, in part, depends upon the intrinsic characteristics viz., 
(••h.-.n;}-’ an^'i hydrophobicity of substrate molecules. “ This points 
out Law.,^rds an active participation of substrate and other species 
in determining the nature and composition of catalytic micelles 
which are formed in the reaction system. 

One of the primary objectives of the present studies is to 
identify and understand the characteristic features of micella] 
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influence on the chemical reactions. In Chapters II and IV the 
model schemes, based upon the mutual interactions of various 
species present in the reaction system, have been proposed and 
formulated for the quantitative understanding of micellar effects 
on chemical reactions. Subsequently, in Chapter IV, the derived 
equations have been used to analyze micellar effects on the reac- 
tion of triphenyli'Aethyl carbonium ions with hydroxyl ion. 

rhe e;quations have been further used to analyze the micellar 
data of chemical reactions available in the literature and to 
resolve discrepancies, if any, in the mechanistic interpretation 
of the concerned effects. This has been done to check the appli- 
cability ol: thr' rnodeils (Chapter II) in a wider prospect and to 
di av; rojiclnsions, v/hich are generalized in scope and unified in 
thitir ccnitmts, about the micellar influence on chemical reactions. 

VI. 3 ME TiiODS 

VI , 3 . 1 Procurement of Experimental Dat a 

The data available in tabular and graphical form were collec- 
t«"d for- tlr-* purf'ose of analysis of micellar influence on chemical 
read inns for the eff.oct of concentrations of detergent and counter 
ions. The data from the graphs were obtained after sufficient 
lacrinification of the figures by photographic reproduction. 

VI. 3.2 A nalysis of Micellar Data 

Analysis of kinetic data for chemical reactions in presence 
of micelle - forming surfactants was done on the basis of model 
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schemes presented in Chapter II following the procedure described 
therein. 


VI . 4 ANALYSIS AND INTERPRETATION OF MICELLAR DATA 

VI. 4.1 REACTIONS CONFORMING TO SCHEME II. 1 

Systematic studies of the micellar influence on chemical 

reactions conforming to Scheme II, 1 are scarce. The kinetic data 

of the reactions; viz., decarboxylation of 3-bromo-3-phenylpro- 
21 

pionate ion and the reaction of crystal violet carbonium ion 

22 

with cyanide ion for the effect of concentrations of surfactant 
and counter ions were accessable to the author. The micellar data 
for these reactions has been analyzed and interpretated on the 
basis of scheme II, 1. 


a. Micellar data for decarboxylation of S-bromo-S-phenylpropionate 
Bordwell and Knipe^*^ have established that the decarboxylation of 
3-bromo-3-phenylpropionate ion (VI. 1) involves ionization to 
give a carbonium ion (VI. 2) as the rate determining step. This 
carbonium ion either decarboxylates or cyclizes to a lactone. 


PhCH"«-CH2C02 
(VI. 1) 


slow 




PhCH — CH 2 CO 2 


(VI. 2) 



Br 
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Bunton ^ have reported that rate of this decarboxy- 

lation reaction is inhibited in presence of cationic mice lie-- form- 
ing surfactant cetyltrimethylammonium bromide (CTAB) . . The counter 
ions with increasing concentration were found to decrease the 
extent of overall inhibition caused by CTAB. These authors assig- 
ned the effect of inhibition to the stabilization of the species 
(VI. 1) by CTAB, ^ The influence of counter ions was rationalized 
in terms of the displacement of the substrate (VI. 1) by the anions 
from the cornplexed micellar phase to the aqueous bulk phase. 

Analysis of micellar data (see^ Figs. VI. 1 and VI, 2) on the 
basis of Scheme (II. 1) gives the value of n, the cooperativity 
index corresponding to detergent CTAB, equal to 4.16. The values 
of p, cooperativity index corresponding to anions, and that of 
binding constant, , in presence of various counter ions (see. 

Table VI, 1) vary in the order: 

OAc~<^Cl"<,SO^^" 

It is obvious that in the process of interaction between 
substrate and the detergent, the initial state is stabilized 
(VI. 1) due to relative localization of negative charge on this 
species by the oppositely charged surfactant species. Conse- 
quently, the formation of carbonium ion (VI. 2) is retarded. The 
increase in the value of overall binding constant / 3-s postu- 
lated in Scheme II. 1 may be rationalized in terms of the incorpo- 
ration of counter ions in the catalytic aggregates. Large size 
and low charge density anions are more effective in this respect. 






Fig.VI.a Quantitative, treatment of kinetic data for the effect of 

anions on decarboxylation reaction of 3-bromo- 3 -phenyl* 
propionate in presence of CTAB on the basis of Kheme H.l 
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ible_Vl 2 _l. Analysis of micellar data for decarboxylation reaction 
of 3-bromo-3-phenylpropionate in presence of CTAB at 
25°C. 

(Data collected from ref. 21) 


L. 

5. 

Counter 

Ion 

No. (s) Analogous to 
Coopera tivi tv Index 
n ,corres- p .,corres- 

ponding to ponding to 

detergent counter-ion 

Binding 

Constant, 

^1 





8 

1. 

OAc" 


0.64 

5.46 X 10 

2. 

Cl" 

4.16 

0.82 

4.35 X 10^ 


-2 



. ^10 

3. 

SO4 


1.13 

2.00 X 10 


Lble 

VI. 2. Quantitative analysis of counter ion 
inhibited reaction of crystal violet 
with cyanide ion at 25 °C. 

(Data collected from ref. 22) 

effects on SDS 
carbonium ion 



No . (s) Analogous to 


- • 

Counter 

Cooperativity Index 

Binding 


Ion 

n for SDS p for Cations Constant, 

^1 

■ m 

Na"^ 

2.24 

11 

2.71 X 10 

i • 

k’*' 

2.57 

5.40 X 10^^ 

^ « 

nh/ 

5.05 2.66 

5.82 X 10^^ 

r a 

+ 2 

Cd 

4.35 

4.70 X 10^^ 

» a 

„ +2 

Zn 

4.37 

5.64 X 10^^ 
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Since the studies concerning the effect of counter ion on the 

overall inhibition caused by the presence of CTAB were conducted 

at detergent concentration much higher than the saturation con- 

21 

centra tion in rate surfactant concentration profile, the 

replacement of hydrophobic substrate by small hydrophilic ions 
seems improbable. The effect of counter ion, however, may be 
explained as follows: 

The incorporation of counter ions in the catalytic aggre- 
gates should result in the neutralization of charges on CTAB head 
groups. As the charges on the catalytic micelles are neutralized 
the species (VI. 1) gets destabilized compared to the situation 
when n,o counter ions were present in the reaction system, 
facilitates the conversion of substrate (VI. 1) to the carbonium 
ion (VI. 2) but not to the same extent as in the absence of the 
detergent in the reaction system. Thus, the neutralization 
charge on catalytic micelles rather than the displacement of 
substrate from complexed phase to aqueous bulk are factors respon- 
sible for observed effects of counter ions on micellar inhibition 

21 

of this reaction as inferred by Bun ton ^ 


Data for sodium dodecyl 

v,it.h cyanide ion - The reaction between triphenylmethyl ^ 
carbonium ion (CV^) , obtained from crystal violet (CV) and cyanide 
ion in aqueous media, has been reported^ ^ to be inhibited in pre- 
sence Of anionic micelle-forming surfactant sodium dodecyl sulfate 
(SDS) . The extent of inhibition caused by SDS is reduced with 
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the increasing concentration of counter ions viz.^ Na"^^ 

Cd and Zn . In the reaction system, containing, cv’*', SDS, CN“ 
and any of the above mentioned counter ions, CN“ ions would be 
excluded from the formation of catalytic aggregates as this ion 
bears a charge similar to that of SDS and may be possessing only 
insignificant hydrophobicity. The competition between counter 
ions and the reactant ion is not operative in this reaction system 
and thus it conforms to Scheme II, 1. 

Analysis of the micellar data on the basis of Equation (2.7) 
for the effect of detergent concentration on the reaction rate 
gives the value of n, cooperativity index corresponding to SDS 
equal to 5.05 (Table VI. 2) , The effect of SDS on this reaction 
is explainable in terms of the stabilization of ground state v^ith 
respect to transition state and the non-accessibility of reactant 
cyanide ion to the complexed crystal violet carbonium ions. 

Analysis for the effect of counter ions (Fig, VI, 3) on the 
overall inhibition caused by SDS on the basis of Equation (2.7) 
gives the values of p and corresponding to different cation. 

It may be observed (Table VI. 2) that the values of p and the 
overall binding constant, , in presence of various counter 

ions increase with increasing size and low charge density of 
cation in a given series of monovalent or divalent ions. In view ^ 

J- 

of the highly hydrophobic nature of the substrate, CV' carbonium 
ion, and the existence of favourable electrostatic interaction 
between the detergent and substrate species, the replacement of 
icrystal violet carbonium ions from complexed phase to aqueous 



3 - £ 

:sc Js: 


X oc . 



Scale on x-axis shifted 
0.2 for K*. 0.4 for NH4* 
0.6 for Cd'*'^ and 0.8 units 
for Zn*i^ 


2 ♦ log [Counter Ion] 

■ig.VI.i Treatment of the effect of cations on SDS inhibited alkaline 
• fading reaction of crystal voifet carbonium ion at 25°C on 
the basis of scheme I.l. 



183 


bulk phase by hydrophilic counter ions seems quite improbable. 

This is particularly true as the studies of counter ion effects 
on this reaction were carried out at surfactant concentration 
well above the saturation concentration in rate vs SDS concentra- 
tion profile. Thus# one may conclude that the incorporation of 
counter ions in catalytic aggregates result in subsequent neutra- 
lization of the charges carried by them. In this process the 
ground state of the reaction will get relatively destablized 
compared to the situation when there were no added counter ions 
but only those derived from the detergent were present in the 
reaction system. Further, this neutralization will relatively 
facilitate the attack of cyanide ion upon the carbonium ions in 
the complexed phase and therefore overall extent of inhibition 
caused by SDS would be reduced. 

The extent to which counter ions would be able to annu ,1 
the effect of SDS and consequently increase the reaction rate 
would depend upon the relative destabilization of the ground state 
of the reaction and on the facility provided to cyanide ion to 
attack the carbonium ion. The capability of counter ions to do 
so is directly related to their incorporation in/oruthe catalytic 
micelles which is reflected in the values of p and correspond- 
ing to concerned ion. Thus, cations may be arranged in the order 
of their efficiency to alter micellar effects on the basis of this 
reaction as; 
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VI. 4. 2 REACTIONS CONFORMING TO SCHEME II. 2 

In the reactions analyzed in the following pages, the reac- 
tant also serves as one of the counter ions thus the reactive as 
well as nonreactive ions in such cases compete for sites in/or 
the catalytic aggregates. These reactions conform to Scheme II. 2. 

24 

a- Alkaline fading reaction of crystal vi o let - Albrizzio et al . 

have extended the studies for the effect cationic micelle-forming 

surfactant cetyltrimethylammonium bromide (CTAB) and further the 

effect of several ions on the overall catalysis in presence of 

CTAB on the reaction of crystal violet (CV ) carbonium ion with 

hydroxyl ion. The reactant hydroxyl ion serves as the counter 

. "I” 

ion for CTAB. Therefore in the reaction system, con taming CV , 
0H~, CTAB and counterions /there would be a competition between 
reactant and the counter ions for sites in/or the catalytic aggre- 
gates. The reaction system therefore conforms to Scheme II. 1. 

Analysis of the effect of detergent concentration for this 
reaction was done on the basis of this scheme (Fig. VI. 4) to 
obtain the value of n, corresponding to cooperativity index of 
detergent. The values of various parameters which explain the 
observed micellar effects are summarized in Table VI. 3. The 
experimental results are compared with the theoretically gene- 
rated plots (Fig. VI. 5) which were obtained in the process of 
analysis of data for the effect of counter ions on the miceblar 
catalysis of CTAB. 





[Counter Ion] xlO 



• Analysis ot: tne reaction of crystal violet (CV) 
carbonium ion with hydroxyl ion in presence of CTAB 
at 25 °C according to Scheme II. 2. 


Si. 

Wo. 

Counter 

Ion 

Nos. (s) Corresponding to 
Cooperativity Indeces 

n for CTAB ! p for anions 

, 1 

Factor, 

f.K 

e 

Binding 

Constant 

^2 

1 . 

f“ 


0.050 

1.23 X 10^ 

5.70 xlO® 

2 . 

Cl" 


0.140 

1.09 X 10® 

2.26 xlO® 

3. 

Br" 

2.02 

0.320 

3.93 X 10® 

9.10 xlO® 

4. 

n; 


0.600 

2.28 X 10® 

1.21 xlO^ 

5. 

NO" 


0.810 

1.00 X 10® 

3*93 xlO® 


Table 

VI. 4. 

Quantitative treatment of micellar data for the reac- 
tion of 2 , 4-dinitrof luorobenzene with hydroxyl ion 
at 25°C in presence of CTAB according to Scheme IT. 2 

SI. 

Counter 

No. is) Analogous to 


- 

Bind! ng 

No. 

Ion 


Cooperativity Index 

Factor, 

Constant, 




n P 

f 

•^e 


^^2 

1 . 

f" 


0.010 

7.12 

X 10® 

4. 20 

X 10® 

2 . 

CH 3 SO 3 - 

0.510 

1.67 

X 10® 

4 

3.52 

X 10^ 

. ^4 

3. 

Cl- 


2.87 0.750 

4.97 

X 10 

4.54 

X 10 

4. 

Br" 


1.74 

4.57 

X 10 “^ 

2.99 

X 10® 

5. 

NO 3 " 


2.79 

2.25 

X 10^ 

1.11 

X 10® 


Table VI. 5. Quantitative treatment of the micellar data for the 
reaction of p-nitrophenyl-hexanoate with a hydroxyl 
ion in presence of TDTACl at 25'’C (Scheme II. 2). 


SI. 

No. 

Counter 

Ion 

No. (s) Analogous to 
Cooperativity Index 

n p 

Factor 

f.K 

e 


Binding 

Constant, 

b 2 

1 . 



0.460 

,1.45 

X 

10 ^ 

10 

9.87 X 10 ^ 

2 . 

Cl" 

A' 

0.550 

5.66 

X 

10 ® 

3 

4.40 X 10^^ 
h, ^12 

3. 

Br ' 


1,41 

1.98 

X 

10 

1.59 X 10 

4. 

NO- 


1.87 

1.23 

X 

10 ® 

14 

1.07 X 10^^ 
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b» Reaction of 2^ 4-dlnl'trof luorobenzene with hydroxyl ion - The 

effect of cetyltrimethylammonium bromide on the reaction of 2^4-di- 

nitrofluorobenzene with hydroxyl ion has been reported by Bunton 
25 

and Robinson. The effect of various electrolytes viz., NaF, 

LiCl, NaCl, KCl, (CH2)^NC1, NaBr, NaNO^ , CH^SO^Na etc. on the 
micellar catalysis in presence of 0.025 M CTAB was studied. A 
small contribution of the effect of co-ion in reducing the overall 
efficiency of CTAB in catalysing this reaction was suspected on 
the basis of these studies. The effect of electrolytes on this 
reaction in presence of CTAB was attempted on the basis of Scheme 
II. 1. The theoretically generated curves along with the experi- 
mentally obtained points for the effect of counter ions on this 
reaction' in presence of CTAB, are shown in Fig. 'VI. 6. It is proper 
to mention here that difficulties were encountered while analyzing 
the effect of chloride ion on the micellar catalysis. As mention- 
ed earlier the effect of chloride ions obtained from several 
electrolytes viz., LiCl, KCl, NaCl and (CH3)^NC1 was studied in 
this reaction system and the influence of cations on such an 
effect was inferred. In the first instance the effects of 
chloride ions obtained from various electrolytes was analyzed 
separately which resulted in large errors when the theoretically 
generated curves were matched with the results obtained experi- 
mentally. In the second instance the arithmetic average value 
of rate constant, }C(^ , was evaluated at different chloride ion 
concentrations. The values of ^ at different chloride ion 
concentration were used to analyze the effect of this ion on 



mo ' sec 



[Counter Ion] x 10^ 


Fig.VI.# Quantitative analysis of the effect of counter ions on the 

' reaction of 2,4-dinitrofluerbenzene with hydroxyl ion in presence 
of a025M CTAB at 25®C. 
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micellar catalysis. Surprisingly, an error of the order of +5% 
was recorded (Fig, VI. 6) between theoretically calculated and the 
experimentally obtained values (average) for various counter 
ion concentration. This very clearly demonstrated that the co- 
lons do not play any significant role in altering the efficiency 
of micellar effects. The values of various parameters n, p, f.K 
and micellar influence of CTAB on this reaction are 

summarized in Table VI. 4. 

Hydrolysis of p-nitrophenyl hexanoate in presence of tetra- 
decyltrimethylammonium chloride - Romsted and Cordes have studied 
the hydroxide ion dependent hydrolysis of p-nitrophenyl hexanoate 
in presence of alkyl trimethyl ammonium detergent salts. The 
effect of concentration of tetradecyltrimethylammonium chloride 
(TDTACl) on the reaction rate was examined. The studies were 
extended to investigate the effect of counter ions viz,, F~, Cl~, 
Br , NO^ and SO^ ^ on this reaction at a concentration of TDTACl 
which was much higher than the saturation concentration in rate 
vs detergent (TDTACl) concentration profile for this reaction. 

The comparison of experimental and the theoretically determined 
rate constants at various counter ion concentrations is shown in 
Figure VI. 7. The values of parameters viz., n, p, and 

corresponding detergent and various counter ion evaluated for 
this reaction system are summarized in Table VI, 5. 



d. Reaction of p-nitrophenyl diphenylphosphate with hydroxyl ion 
in presence of cationic micelle-forming detergent - Bunton and 





32.0 



Fig. VI. 7 Analysts of the effect of anions on nfiicetlar catalysis of 
the hydrolysis reaction of j>- nitrophenyl hexanoate in 
presence of 0.009M TDTACl at pH 10.15 and 25° C • 
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27 

coworkers have examined the effect of three cationic micelle- 
forming (Quaternary ammonium salt viz., phenyl-cetyldimethylammo- 
nium bromide (CPDA) , 2, 4-dimethoxyphenyl-cetyldimethylammonixim 
bromide (CDPDA) and 2, 4— dimethoxybenzyl— cetyldimethylammonium 
bromide (CDBDA) on the reaction of p-nitrophenyl-diphenylphosphate 
with hydroxyl ion. In these reaction systems catalysis not only 
begins but also attains saturation well belovj- the critical micelle 
concentrations of pure surfactants. This demonstrates the parti- 
cipation and role of the substrate in the formation of catalytic 
aggregates. The studies were extended to examine the effect of 
counter ions viz.. Cl , Br , CH^SO^ , NO^ and OTs . The analysis 
of the effect of detergents concentration and of the effect of 
several counter ion concentration on micellar catalysis was done 
following the Scheme II. 2, The comparison of experimental data 
with the numerically calculated curves for the effect of counter 
ions exhibited a maximium error of + 15.0 per cent in presence of 

the detergents CPDA, CDPA and CDBDA respectively. The parameters 
determined on the basis of this analysis are summarized in Table 

VI. 6. 

23 

e. Acid hydrolysis of methyl ortho-benzoate - Dunlop and Cordes 
have systematically investigated the micellar effects on the reac- 
tion of methyl ortho-benzoate carbonium ion with hydrogen ion. 

The effect of concentration of sodium dodecyl sulfate (SDS) and 
the effect of cations on the overall catalysis caused by SDS was 
analyzed on the basis of scheme II. 2. The comparison of 
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Cable VI. 6 . Analysis of the effect of anions on the micellar cata- 
lysis of cationic micelle- forming surfactants on the 
reaction of p-nitrophenyl diphenylphosphate with 



hydroxyl ion 

at 25°C 

! according to 

Scheme II, 

2 

Reaction 

Deter- 

gent 

Counter 

Ion 

No. (s) Analogous to 
Cooperativity Index 
in Enzymatic 
reactions 

Factor, 

Binding 

constant, 

^2 


n for 

p for 





deter- 

gent 

anions 





CH3S0; 


1.01 

2.52x10^ 

1.75 xlO® 



Cl“ 


1.01 

2.09x10^ 

2,11 xlO® 

?NDP 


Br 

2.10 

1.28 

3.47x10^ 

10 

9.07 X 10 

+ 


NO- 


1.62 

1.38x10^ 

12 

2.95 X 10 



OTs" 


0.60 

5.01x10^ 

4.53 X 10^^ 



CH3SO3 


1.01 - 

2.63x10^ 

3.09X 10^^ 



C1 


1.01 

2.49x10^ 

3.27X 10^^ 

=NDp 


Br” 

3.02 

1.31 

4.48x10^ 

14 

1.44 X 10 

+ 

3H" 


NO; 


1.30 

2.82x10^ 

2.44.x 10^"^ 



OTs" 


0.470 

6.72x10^ 

1.92 X 10^^ 



CH3SO3 


1.01 

2.33x10^ 

4.93x10^ 



Cl 


1.01 

1.24x10^ 

9 . 46x10^ 

?NDP 


Br" 

2.89 

1.01 

2.62xl0'^ 

4.52x10 ’ 

+ 

DH" 


no; 


1.15 

2.40x10^ 

1.40x10^ 



OTs" 


1.01 

8.58x10^ 

1.46x10^ 


Table VI. 7. Analysis of the effect of cations on the micellar 
ctalysis of SDS on the reaction of methyl ortho- 
benzoate with hydrogen ion according to Scheme II. 2 


SI. 

No. 

Cation 

Concen- 

tration, 

M 

The value of rate 

, l.mol” 

constant, 

1 -1 
sec 

R.M.S. 

Error % 

Experimental 

Calcuated 

1 

2 

3 

4 

5 

Cation 

: Li ; p. 

Cooperativity Index: 1. 

01; Temperature: 

25°C 

1. 

0.01 

213000 

212604 


2. 

0.04 

132000 

131478 


3. 

0.07 

95400 

93023 

1.97 

4. 

0.10 

70800 

73063 


5. 

0.13 

60700 

60685 


6. 

0.19 

45000 

45942 


7. 

0.25 

38200 

37339 



Cation: Na"^; 

(from NaClO^) p, Cooperativity Index: 1.01; Temperature: 25°C 


1. 

0.01 

206000 

216969 

2. 

0.04 

108000 

109459 

3. 

0.07 

83000 

75161 5.09 

4. 

0.13 

45000 

47940 

5. 

0.19 

35000 

37918 

6 • 

0.25 

29400 

29005 

-j- 

Cation: Na ; 
(from NaCl) p. 

Coopera vity Index: 1.07; 

Temperature: 25 °C 

1. 

0.01 

213000 

203856 

2. 

0.03 

127000 

129083 

3. 

0.04 

111000 

108735 2.84 

4. 

0.05 

90000 

94368 

5. 

0.07 

74300 

75332 

6 • 

0.10 

59000 

58593 

7. 

0.13 

49400 

48378 


contd 
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Table Vi. 7 (con td.) 


y- 

5 

3 

4 

5 

■*1* 

Cation: K ; p. 

Cooperativity Index: 

1.01: Temperature; 

o 

0 

O 

1. 

0.01 

425000 

424068 


2. 

0.011 

412000 

410213 


3. 

0.015 

354000 

359640 

1.20 

4. 

0.020 

316000 

310525 


5. 

0.025 

272000 

273670 


Cation: 

+ 

Rb ; p / Coope nativity Index : 

1.01 : Temperature: 40 °C 

1. 

0.011 

451000 

464044 


2. 

0.015 

396000 

371386 


3. 

0.020 

318000 

300101 

4.80 

4 • 

0.025 

236000 

253425 


5. 

0.040 

168000 

175898 


6. 

0.070 

112000 

112363 


7. 

0.13 

69000 

67520 


Cation: Cs ; p / 

Cooperativity Index 

: 1»01; Temperature; 

25 °C 

1. 

0.01 

213000 

191012 


2. 

0.04 

84000 

86504 


3. 

0.07 

56000 

58282 

6.03 

4. 

0.10 

40800 

44729 


5. 

0.13 

36800 

36625 


6 . 

0.19 

28100 

27247 


7. 

0. 25 

22900 

21906 


Cation 

+ 

: Cs ; P/ 

Cooperativity Index 

: 1.01 ; Temperature 

; 25°C 

1. 

0.06 

21300 

21206 


2. 

0.09 

16200 

16521 

1.75 

3. 

0.12 

13900 

14102 


4. 

0.18 

11900 

11639 
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numerically generated plots on the basis of Equation (2.21) with 
experimentally obtained results is shown in Table VI. 7. The 
values of n, p, ^^b2 are sumraarized in Table VI, 8. 

General features of reaction conforming to Scheme II. 2 - On the 
basis of analysis of reactions, reported in this thesis, which 
conform to Scheme 11,2, following general observations could be 
made: 

(1) The value of n, corresponding to average nuriiber of 
detergent species, which associate with one substrate molecule, 
depends upon the nature of the substrate as well as that of 
detergent under consideration. 

(2) The values of p, which correspond to average number 
of counter ions which associate with a catalytic micelle per 
substrate molecule is dependent upon the nature of counter ion, 
substrate and detergent present in the reaction system. 

(3) The value of f .K^ , exchange factor between counter ion 

and reactant decreases with increasing size and decreasing charge 
density of the counter ions in all the cases. However, the abso- 
lute value of in several reaction systems for the same ions 

are different. 

(4) The value of the overall binding constant postu- 

lated in Scheme II. 2 in a given reaction system increases with 
the increasing size and low charge density of counter ions. 
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VI. 5 DISCUSSION 

The findings tlta'fe ^ (i) the value of n in different reaction 
system is different and (ii) the values of p for various counter, 
ions even in the same reaction system are different^ 
true for reactions conforming to Scheme II. 1 as well as Scheme 
II. 2, which shows that the composition of catalytic micelles to 
a large extent is determined by the nature of siJbstrate. Further, 
the degree of counter ion binding also depends upon the nature of 

OQ 

counter ion as well as the nature of the catalytic aggregates. 

In any reaction system confoming to Scheme II. 1 the value 
of p, cooperativity index corresponding to counter ion and also 
that of overall binding constant, , increases with increasing 

size and low charge density of the counter ions. In all the reac- 
tion systems analyzed (Scheme II. 2) it was found that the value 
of f.K^ decreases with increasing size and low charge density of 
the counter ions. The decrease in the value of according to 

Scheme II. 2 means the decrease in the reactant concentration in 
the vicinity of catalytic micelles. Thus, the counter ion with 
large size and low charge density are more effective in altering 
the efficiency of micellar influence of the chemical reactions. 

This also shows that the effect of inert competing ions on mice- 
llar effects is explainable in terms of the replacement of reactive 
counter ion from the vicinity of catalytic aggregates by these 
inert ions. The replacement of reactant ions by the inert counter 
ions to a large extent is determined by the intrinsic characteris- 
tics of the concerned ions. This explains why the relative order 



of effectiveness of various counter ions is largely independent 

of the chemical reaction under consideration as pointed out by 

6 7 

other workers. ' Thus the order of decreasing values of f.K^ 
(Table VI. 6) , reflects the increasing effectiveness of cations 
as follows: 

similarly an inspiection of Tables VI.'? to VI. S permits the 
arrangement of anions in the order of increasing effectiveness 


as shown below; 
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APPENDIX 


KINETIC STUDIES ON THE REACTION OP CARBONIUM IONS VJITH 
NUCLEOPHILES : ALKALINE FADING OF SETOGLAUCINE 

Triphenylmethane dyes are known to provide stable carbonixim 

1-5 

ion system in aqueous media. Recently/ the effect of micelle- 

forming surfactants on the reaction of carbonium ions with nucleo- 
philes/ using these dyes have been reported. ” Vekhande and 
Munshi have found that the efficiency of analytical determinations 

in which these dyes are utilized as reagents, could be enhanced in 

11-14 

micellar environment. 

Setoglaucine (C.I. Basic Blue 1), abbreviated as SG and 
chemically known as (|_'X-[o(-(o-chlorophenyl)-p-(diraethylamino)- 
benzylidenel-2, 5-cyclohexadien-l-ylidenej| dime thy lammonium chloride) 

is one of the members of triphenylmethane dyes series which has 

15 15 

industrial and physico-chemical applications. ’ It can be used 
for quantitative determination of nitrophenols and numerous tran- 
sition metal ions and as an indicator in cerimetry, iodometry and 
titrimetry using potassium di chromate. Micellar effects on the 
reaction of carbonium ion, generated from SG, with hydroxyl ion 

9 

have recently been reported by the authors, however, the syste- 
matic data concerning the kinetics of this reaction in aqueous 
media are nonexistent. 

In this study the effect of various parameters viz. , con- 
centrations of substrate (SG) and reactant (OH ) , ionic strength, 
temperature and dielectric constant on the alkaline fading reaction 



2 


of setoglaucine is reported. The effect of ionic strength and 
dielectric constant on the thermodynamic Quantities of activation 
of this reaction has also been investigated. 

EXPERIMENTAL SECTION 

Setoglaucine was obtained from K and K laboratories, Inc., 
U.S.A. as rare and fine chemical, sodium hydroxide was E. Merck's 
guaranteed reagent and potassium nitrate, acetone, dioxane, ethy- 
lene glycol and other chemicals were B.D.H. AnalaR grade products. 
Solvents were purified prior to use following usual procedures. 

Other chemicals were used as obtained. The procedure followed 

5 9 

and the equipment used are described earlier. ' 

RESULTS AND DISCUSSION 

In aqueous media SG exhibits an intense absorption band at 
635 nm. Absorption maxima for this dye in 0.8 M aqueous KNC^ 
solution, 20% (v/v) ethylene glycol-water, 40% (v/v) acetone-water 
and 40% (v/v) dioxane-water mixtures corresponded to 635 nm, 637 nm, 
640 nm and 642 nm respectively. The alkaline fading reaction in 
various solutions was followed at the respective maxima of the dye. 

_5 ^ 

SG, in aqueous media, obeys Beer's law upto 2.0 x 10 M ({;;; = 

7.96 X lo"^) . Therefore, the reaction was carried out at dye con- 
centrations lower than this concentration. In order to avoid any 
complications due to the interference by backward ' reaction the 
hydroxyl ion concentration in the reaction system was taken in 
much excess to that of SG and the kinetic data were recorded in 
first few minutes of the reaction. The values of pseudo first 
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order rate constant under these conditions were reproduciable 
within a range of + 5%. 

Effect of substrate concentration on rate 

The effect of siobstrate concentration on the reaction rate 
was studied by keeping the pararaeters viz., temperature (25 “C), 
hydroxyl ion concentration (0.02 M) and ionic strength (0,02) 
fixed and varying SG concentration (1.0 x 10 M to 1.8 x 10 M) 
in the reaction system. The results summarized in Table la show 
that under the condition of excess of alkali in the reaction 
system colour fading reaction of SG follows pseudo first order 
kinetics and thus rate constant is independent of substrate con- 
centration. 

Effect of reactant concentration on rate 

The values of first order rate constant as a function of 
hydroxyl ion concentration (1,0 x 10 M to 5.0 x 10 M) which 
were obtained at fixed SG concentration at 25 “C are summarized in 
Table Ib. Graphical analysis shows that the data conform to Eqn. 
(1) with the value of correlation factor, r, equal to 0,999: 

k = k^ + k2 •** 

- 1-1 

The values of k^ and k 2 being 1.10 and 3,40 l.mol min respec- 
tively. 
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Effect of ionic strength in water and in organic solvent-water 
mixtures 

The influence of ionic strength on the reaction rate was 
studied to determine the nature of reacting species and to evalu- 
ate the interionic parameters in water and in 30% (v/v) and 40% 

(v/v) acetone-water mixtures. The studies were done at 25°C at 

— 2 

fixed concentrations of hydroxyl ion (2.0 x 10 M) and SG 
—5 

(1.6 X 10 M) . Ionic strength was varied by adding necessary 

amount of KNO^ when the reaction was carried out in water (fi = 

—2 '"2 
2 X 10 to 1,42) and in acetone-water mixtures (jJ.^ 2 x 10 to 

0.66) . The rate constant was found to decrease with increasing 

17 

ionic strength (Fig, 1) . The data were subjected to analysis 
according to Bronsted Eqn. (2) which gave in-conclusive results; 

log k' = log k^ + 1.02 ... (2) 

where k' is second order rate constant, k^ is rate constant at 
zero ionic strength and Z^Z^ is the product of charges carried 
by reacting species. It v/as observed that in the plot of log k' 
vs j-i the points corresponding to higher values of do not lie 
on the straight line (Pig. 1) suggesting the nonapplicability of 
Eqn. (2) . However, the straight lines drawn upto lower values of^ 
gave the values of Z^Zg equal to —0.50, —0*77 and -0.60 in water, 
30% (v/v) acetone-water and 40% (v/v) acetone-water mixtures. It 
may be inferred from these values of that oppositely charged 

species are involved but the magnitude of charges on the reacting 
species could not be predicted. 
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The application of Debye-Mckel^'^ Eqn. (3) 


log k ' = log k^’ + 


1.02 Z, 2, 


+yfj 


'A "By [4 


... (3) 


linear plots over a wide range of p (Fig. 1). The values 
of Z^Zg obtained from the slope are listed in Table 2. Since 

these values still deviate from unity the data were analyzed 

. 17 

according to Bronsted-Christiansen Eqn, (4) 


log k ' log k ' + — — 

1 P -i/JT 


... (4) 


where ^ and A are Debye-H-tlckel constants and a^ is an interionic 
parameter. 

The value of aj^ was computed by successive trial method^ 
by. putting different values of a^^ in Eqn. (4) and observing its 
effect on the plot of log k^' vs^/jjT, According to Eqn, (4) the 
plot which is linear and parallel to axis gives the correct 
value of aj^ (Fig. 2) . Taking these values of a^, log k' was 
plotted against 2 A/jj^ / (1 + ^ a^_/jj~) . This was found to give 
plots (Fig. 3) with the values of slope equal to which were 

found to be nearly unity (Table 2) , These results suggest that 
the alkaline fading reaction of SG involves reactants which carry 
unit charges of opposite sign. It may be pointed out here that 
the physical meaning of interionic parameter a^ is not well 
defined except one may only suggest from the results that the 
dye ion is more or less solvated in solvent-water mixture than 
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in water. The lower value of a^ in solvent-water mixtures than 

in water is in aggreement with the earlier findings of Sinha and 
Katiyar . ^ 


Effect of dielectric constanton rate 

The applicability of Bronsted-Christiansen-Scatchard^”^ 
Eqn. (5) was tested for this reaction; 


In k ' 
o 


In k^ - 
D =o0 


DRT.r 


. (5) 


where D is permittivity of the medium; All other terms have their 

, . 15 

usual meaning. 

The values of first order rate constant were determined in 

acetone-water, dioxane-water and ethylene-glycol-water (D<!^ 50) 

. . . . 1 7 

isocomposition mixtures at fixed concentrations of hydroxyl ion 

(0.01 M) and SG (1.6 x 10 M) . The plots of rate constant vs g 

in various solvent-water mixtures are not straight line (Pig. 4) 

suggesting the nonapplicability of Eqn. (5) . In case of acetone- 

water and dioxane-water mixtures the rate constant initially shows 

a decreasing trend and after passing through a minimum it starts 

increasing with increasing solvent percentage in the reaction 

system. In case of ethylene-glycol-water mixture the plot of rate 

i 

constant vs g initially rises steeply but afterwards gradually 
« 7 ith increasing solvent concentration. These results suggest 
-hat at lower percentage of solvents specific effects are important 
whereas at higher solvent concentration effects due to decrease in 
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dielectric constant of the media override the specific solvent 
ef fects. 

Effect of temperature on rate 

The effect of temperature on the reaction rate was studied 
to (i) evaluate the values of thermodynamic activation parameters 
of the reaction, (ii) to find out the influence of dielectric 
constant on the values of activation parameters and (iii) to 
investigate the dependence of the quantities of activation on 
ionic strength. Consequently, the values of rate constant in the 
temperature range of 293 °K to 318°k were recorded in water, in 
5%, 10%, 15%, 30% and 40% (v/v) acetone-water mixtures and in 5%, 
10% and 16% (v/v) dioxane-water mixtures. Studies were doneat 
two ionic strengths viz,, 0,01 and 0,4 in water and in 30% (v/v) 
and 40% (v/v) acetone-water mixtures. The concentrations of the 
reactant (0,01 M) and substrate (1,6 x 10 M) in all the studies 
were kept constant. The values of rate constant so obtained in 
various media were plotted against 1/T to obtain the values of 
Illustrative plots in 30% (v/v) acetone-water mixtures at 
two ionic strengths are shown in Fig. 5. Other parameters were 
obtained utilizing following Equations;^ 


Af^ = 2.303 RT (log - log k') 

. . . (6) 

As^ = 2.303 R (log Z -log e.|2 ) 

... (7) 

Ah^ = + TAS^ 

... (8) 
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and log Z = log k' + 


2.303 RT 


. . • (9) 


The values of the thermodynaniic activation parameters in 
various media are sxommarized in Table 5. Certain characteristic 
features of these parameters in various media obtained from the 
data (Table 5) are described below; 

(!) The value of entropy of activation, As^ is negative in 
water as well as in organic solvent mixtures* (ii) The value of 
energy of activation, A , decreases with increasing ionic stren- 

gth in the reaction system in water and also in acetone-water 
mixtures, (iii) The value of energy of activation,AE^ , increases 
with increasing solvent percentage at a given ionic strength, (iv) 
The value of frequency factor Z at a given ionic strength increas- 
es with increasing solvent percentage, (v) The values of enthalpy 
of activationAn^ and also that of entropy of activation first 
decreases (at p = O.Ol) and then starts increasing with increas- 
ing solvent percentage in the reaction system and (vi) the diffe- 
rence between the values of entropy of activation, /A S^, at higher 
ionic strength and at lower ionic strength is negative in water 
and also in acetone - water mixtures. 

1 

These results, on the basis of analysis proposed by LaMer, 
establishes beyond doubt that the alkaline fading reaction of 
setoglaucine involves oppositely charged species. This is confirm- 
ed by the effect of ionic strength on the reaction rate, 
observations that Z factor as well as A increases with 


The 
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increasing solvent percentage is in agreement with the observa- 
tion of specific solvents effects. As the percentage of solvent 
in the reaction system increases# this results in the decrease 
of dielectric constant of the medium making the probability of 

the reactants higher which is observed in the form 
of increased value of Z. However# specific effects i.e., selec- 
tive solvation by solvent molecules may block the reaction site 
which results in an increase in the activation energy of the 
reaction. Thus# these two competing phenomena are presumably 
involved in determining the overall effect of a given solvent. 

This agrees with the effect of organic solvents observed in this 
reaction. 

The comparison of thermodynamic parameters of the reaction 
in presence of acetone-water and dioxane-water mixture under the 
condition of same dielectric constant shows (Table 5) that the 
value; of ^E~, and Z in acetone water-mixture is higher than the 
value in dioxane-water mixture. The value of in two media 

at same D and suggest that SG ion is more solvated by acetone 
than by dioxane molecules. The trend in the value of Z factor 
in two media may also have contribution from the effect of visco- 
sity. The results are further confirmed by the fact that the 
value£^S^ in dioxane-water mixture is more negative compared to 
the value in acetone-water mixture under similar conditions of D 
and p . 'The higher negative value in presence of dioxane-water , 
mixtures compared to that in acetone- water mixtures suggests that 
the charge of SG ion is more exposed for interaction with hydroxyl 
ion in the former media. 
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on the basis of these' studies following mechanlsH, may be 
proposed for the alkaline fading reaction of setoglauoine; 



N (CH,) 

(STEP I) 



(STEP II) 


(Colourless) (coloured) 

Step I involves ionization of the dye to give carboniura ion 

which reacts with hydroxyl ion at slow measurable rate in step II. 
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t order rate constant, ky , 
centra tions of; la, substrate, 
for the alkaline fading 
at 25®C 


[sgJ = 1.6 xlO“^ M 

I 

Coh'J X 10^ i k^,x : 


l^y^x lO^rnin"^ 



5.0 


18.09 


12 


Table 2 . The values of and a^^ for the alkaline fading 

reaction of SG in water and in acetone-water mixtures 
at 25“C 


Values of 

Z^Zg by different plots (log k* 

vs) 

Interionic 

Medium 

x/A 

(1 +Vm') 

2 A sAk./ ( 1+ a 

parameter, 

Water 

-0.50 

-0.99 

-1.00 

2.6 

30%(v/v) 

Acetone- 

Water 

Mixture 

1 

O 

# 

-0.79 

-0.89 

1.6 

40%(v/v) 

Acetone- 

Water 

Mixture 

o 

• 

o 

1 

o 

• 

CD 

CO 

• 

o 

{ 

1.6 



I 
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Table 3 » Thermodynamic quantities of activation at 25 °C for 
alkaline fading reaction of setoglaucine in various 
media. 


Medium 


D 



Z 





Water 


0.01 


13.47 

1.67 

X 

iqIi 

21.32 

16.63 

16.35 



0.40 


12.52 

3.65 

X 

10^ 

21.91 

33.49 

11.93 

\cetone + Water 









5% 

Cv/v) 

0.01 

76.00 

14.82 

3.73 

X 

9 

10^ 

21.45 

28.85 

12.85 

10% 

Cv/v) 

0.01 

74.00 

15.10 

4.89 

X 

9 

10^ 

21.57 

23.68 

14.52 

15% 

(v/v) 

0,01 

71.60 

15.35 

9.15 

X 

10® 

21.45 

22.45 

14.76 

30% 

Cv/v) 

0.01 

64.25 

16. -58 

2.26 

X 

io“ 

21.14 

16.03 

16.38 

30% 

(v/v) 

0.40 

64.25 

14.97 

2.90 

X 

10® 

21.77 

24,75 

17,40 

40% 

(v/v) 

0,01 


17.90 

1.46 

X 

10^2 

20.96 

12.29 

17,30 

40% 

(v/v) 

0.40 


15.66 

1.27 

X 

11 

10 

16.03 

17.18 

10.88 

Loxane + Water 









5% 

(v/v) 

0.01 

74,00 

14.73 

1,12 

X 

9 

10^ 

16.99 

26 .65 

9.05 

10% 

Cv/v) 

0.01 

69.30 

14.97 

4.81 

X 

9 

10 

18.70 

23.73 

11,63 

L6% 

(v/v) 

0.01 

64.25 

15.20 

8.79 

X 

9 

10^ 

21.31 

22.57 

14.59 


; kcal mol**^; Z ; l.mor^s"^ ? =kcal K“^mor^; 

A.S^: cal mol"^? : kcal mol“^. 


lits 



( 2*1 



/jr 


Fl9« i* Variation of plot (1)^ log k' va y^||(plot (2); 

log k* 2S, /ipT/Cl t/^) for tha alkalina fading 
raaction of SO. 









t + fiai/Ji 


Fig. 3* ISet^rmination of the value Z^Zg according to 
l<|uaticm (4) for the alkaline fading reacticm 
of setoglaucine; plot (1>J in water; plot (2) i 
in 30% (v/v) acetone-water mixture and plot (3) i 
in 40% (v/v) acetone-water mixture. 



2 + log k. 


t/D X 


Fig* 4* Ihe effect of dielectric constaiit <mi the reaction 
rate for alkaline fading reaction of setoglaucine/ 
plot (1) t dioxane-water; plot (2) * acetone-wateri 
fuid plot (3)t ethylene glycol-water mixtures. 


tQqk 



Fig. 5. i^rrhen i u» plots tor xuie reaction of so"^ carbcmluni 
ion with hydroxyl ion in 30X acetcmewwater 

®ixtMr«i plot (l) end plot (2) correspond to 
^**■•0,01 end 0*4 respectivnly* 
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